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Execuive Summary

Air Traffic Control Spedalists (ATCSs) work in adynamic, visually challenging environment that
constantly demands their attention. They must monitor, process information, and meke dedsions
under conditions where taskload varies aaoss arange of their cgpabilities. Engineaing Reseach
Psychologists in the Naional Airspace $stem Human Fadors Branch atthe Fedea Aviation
Administration Willi am JHughes Tedhnicd Center used red time person-in-the-loop smulation to
study theseissues.They evaluaed at¢ud controller peformance undertwo levels of taskload.
They dso evaluaedthe impactof visud noisein the form of overflightsto seef it influenced
workload and peformance. This was a anceptreseach effort to sedf thesevariablesinteraded
to influence human perfformance and controllers’ useof the visud information disgdayedfor them.

Twelve volunteerFull Paformance Level ATCSsfrom a Terminal RadarApproach Control
(TRACON) fadlity participated inthe study. The ATCSsworked simulated traffic under
relatively low (6 arcraft for ead 15 minutes) and rdatively high (12 arcrdt for ead 15 minutes)
conditions. Overflights provided scaearios with the dfectof visud noise wth two levels of
traffic. In addtion, 9x scenarios mntainedincursionsinto Aass C aspace.

The results of a study like this are complex and involve nultiple variables. Each variable has a
uniquemeaning in the overdl patem. Some findings can be predcted basedon past resealcand
some ould not. For example, the over-the-soulderobsener esimatedthat controller
performance de@ned under onditions of higher taskload. The objedive measuresf
performancein fact $iowedthat controller peformance dd not decease.

The paticipating ATCSs #sofelt that they worked harder but the qudity of control waslower
during the high traffic load scearos. Thisis atypicd finding in smulation studies and could be
predcted. The sdf-reported Stuaion Awarenessmeasures decreasender high traffic load.
Generally, ATCSs were willi ng to indicate percaved increases inworkload, which increased with
higher traffic loads.

Visud noiseor overflightsin the TRACON environment had a omplex impacton controller
percepions depeading on the task denand under which they were working. If they were &ready
busy with traffic of their own, visud noisehadlittleimpact aad may have even reduced ontrollers
perceved workload. Hbwever, duing dower timesin their own airspacethe factthat they could
seethat ©meone dse was usgg the aeathat they were scaning addedo their peceved
workload. This suggeis the advantageof filters atleaston an optional bass, where appopriate.

Some of the most intereging findingsin this gudy came from the visud scanning daa olleded
with an eye tracke, referredto as a oculometer. This devicetracksthe movement of the
controller’s right eye asit scans dspays for information. The g/stem adso deermines where on
the dynamic display the controller is acually looking. Visual scanning data included information
about eye movement pause®r fixations, g/e jumpsor saccadedjlinks, and pupl diameter. The
human visual system can only aayuire detailed information during fixations.

Controllers spent most of their time fixating on aircraft targets and data blocks. Fixation time
increased ignificantly when high dtitudeoverflights wee present. With anincreasen traffic



load, the number of fixations on the radarscope decreased, but the number of fixations on the
keyboard increased. This suggests that controllers were spending more time updating data using
the keyboard and less time looking at the radarscope. The high altitude overflights seemed to
further divert the ATCSs’ attention. Fixations on aircraft representations on the radarscope lasted
longer than fixations on any other item. These results suggest that ATCSs performed more
mental processing when looking at the radarscope and aircraft representations in particular than
when looking at any other object. Controllers developed patterns of visually scanning the radar
display. These patterns became more structured as the traffic situation developed. ATCSs did
not change these patterns with the advent of aircraft intrusions into the airspace. This may explain
in part why they noticed these unscheduled targets late or not at all. In the interests of airspace
safety, it is not enough to display intrusive targets. Their presence must be emphasized in a way
to draw the controller’s attention away from his/her established scanning pattern so that he/she
can amend plans and avoid potential conflicts.

This research provides greater understanding of how ATCSs use current information displays.
The research method has potential for increasing future ATCS efficiency through improved
display technology or new training techniques.



1. Introduction

The Federa Aviation Administration (FAA) started acontroller information scanning program in
1989to help underdand and reduce eors (Sein, 1989). With appicaionsto Air Traffic Control
(ATC) training, eror analysis, and equpment desgn evaluaion, the identification of Air Traffic
Control Spedalists’ (ATCSs’)visud scaning pdterns and quantification of these p#erns ae
necessar. Presatly, no objedive measure®f visud scaining existto suprt this plogram.

This wasthe seond in a seiesof visud scaaning sudiesof ATCSs onduded atthe FAA
William J. Hughes Tedhnicd Center Reseach Development & Human Fadors Laboratory
(RDHFL) at Atlantic Gty Intemational Airport, New Jersg Thefirst sudy (Stein, 1992)
addessedhe dfectof changesin traffic density on visud scanning. With the technology atthe
time, the experimenters @uld not synchronizethe visud scaning pdterns with air traffic events.
This RDHAL study wasthe firstto useheadmounted oculometry synchronized wth a dynamic
Air Traffic Simulator.

This exploratory projectforms the bags for analyseson visud, paformance, aad quesionnaire
data. The project omparedbehavior and paformance of ATCSs acoss eperimental conditions.

1.1 Backgound

In 1995,the Naiona Aeronauics and SpaceAdministration (NASA), the Depatment of
Defense, ad the FAA publishedthe Naional Plan for Civil Aviation Human Fadors. The
purposeof this dan wasto enhance aviation sdety and improve the dficiency of operations. It
identifiedreseach areas ad enphagzedthe transfer of reseach findingsto planned and ongoing
programs. (ne of the key issueof the dan wasto quantify the dfectthat new produds or
procedueshave on system and human performance. The dan consists of five aeas: Hman-
Centered Automation, Sdedion and Training, Human Peformance Assessent, Information and
Management and Dispay, and Bioagonautics. Exceptfor Bioagonautics, eah of these aeas
states speific reseach areasthat requre anational focus. Msud scanning related measueshave
a tential apgicaion aadossmost of thesereseach areas.

The duiesof an ATCSinvolve scaning, projeding, danning, and execution. A radar aspay and
flight progress &ips povidevisud daa, whereasrado and telephone communication systems
provide audtory daa. The aognitive requrements of ATC involve the processng of dynamicdly
changing information (Kirchrer & Laung, 1971 Means et &, 1988). The ATCS deelops an
underlying mental model of the ATC situation. This model allows the ATCS to switch attention
between the various daa urces (Gttman, Sein, & Gromelski, 1995 Mogford, Murphy,
Roske-Hofstrand, Yagrop, & Gutman, 1994). Inthis gudy, human fador spedalists mnduded
simulationsin red time and colleded daa on visud scaning, peformance, and mental workload.

Reseechers have used wrkload and peformance measues etensively to test degn dternatives
inthe ATC environment. In an ealy visud atention sudy, Karsten, Goldberg, Rood, and Sutzer
(1975)found that ATCSs sped appoximately 80%of their time looking atthe radar dspay,
13% looking at flight strips, and 5% looking at input devices. Their equipment was primitive by



current standards. With the advancement of technology and recent enhancements in software and
hardware, the RDHFL now simulates the ATC environment with a much higher degree of fidelity.

1.1.1 Literature Related to Visual Scanning

The amount of sensory information available to a human being at any one point in time is
1,000,000,000 bits per second at the human sensory level (Grandjean, 1993). This information,
although highly filtered before reaching conscious awarenes#, a$ stitical importance to the
performance of everyday activities. The most relied upon sensory information comes from the
visual system having approximately 90% of a person’s daily activities under its guidance.

The visual system provides information about the ATC environment necessary to anticipate
changes and to react appropriately. When looking at an object, the eyes move rapidly from one
point of interest to another. These fast jumps, called saccadesllistie b@wvements that, once
started, will continue until theyeach their target destination (Carpenter, 1977). During a
saccade, the visual system obtains little visual information other than the detection of movement.
Most of the time, humans look at objects without moving their eyes. During these stationary
periods between saccades, called fixations, humans register most visual information. In a 30-
minute scenario, ATCSs have roughly 3600 fixations with an average duration of approximately
500 ms (Stein, 1992).

A fixation is a four-part process. First, the visual system stores an image in short-term visual
memory. Second, the visual system encodes the raw image and stores the codes in working
memory. In the third stage, further mental processing takes place and, in the fourth stage, the
visual system prepares for the next saccade. The preparation time for the next saccade increases
with an increase in the magnitude of the future saccade (Kapoula, 1983). Kapoula showed that
the proximity of previous fixations influenced fixation duration on subsequent points of interest.

Like most human neuromotor control systems, the oculomotor system uses open and closed loop
control, depending on the situation. In closed loop control, information acquired during a fixation
directs the subsequent saccade (Kapoula, 1983; Rayner & Pollatsek, 1981; Vaughn, 1982). The
visual system uses closed-loop control in active information searching during situations with
potential points of interest in close proximity. In open-loop control, information processing
independent of the current visual information in the visual field determines the next sadicade (E
1986). An open-loop system scans the visual field in the periphery for potential points of interest.
Higher level cognitive processes determine the target of the next saccade in open-loop control.

Experienced participants tend to scan for pertinent information in a stratified random manner
(Card, 1983; Engle, 1977; Groner & Groner, 1982; Inditsky & Bodmann, 1980; Kraiss &

Knauper, 1983; Krendel & Wodinsky, 1960; Senders, 1966; Weir & Klein, 1970; Wewerinke,
1981). A structured model gives priority to objects or groups that need more attention while
updating the total picture of the process under control. Less experienced participants do not have
a well-structured model available in long term memory and tend to follow events that can lead
them astray. An example is tunneling, when an ATCS loses the overall picture and focuses on a
single problem only.



1.1.2 Literature Related to Workload

Studies amed atimproving the sdety of air traffic often includeATCSs’ peformance and
workload. Reseaahers have developed avariety of assessent techniquesto evaluae workload.
Sujedive techniqueshave dominatedthis reseach areabecausef the easef adninistration,
low cost, and lackof obtrusveness. The variety of available measuesindicates alack of
consensus anong reseachers and presents an obstade when atempting to generalize and
integrde researcefindings. The NASA Task Load Index (TLX) (Hart & Staveland, 1988) ad
the Subjedive Workload Assessient Technique (WAT) (Rdad & Nygren, 1988) sere a wde
variety of reseach needs. The TLX and the SNVAT assessnental workload atthe end of the
scenario or expetiment and break awn mental workloadinto severd components. Gher
subjedive mental workload assessent techniquesfollow amore holistic appoad. The Air
Traffic Workload Input Technique ATWIT) (Stein, 1985), dewedfrom ealier work by Stein
and Rosenberg (1983), uses angle 10-mint scde to assess perived workload. The ATWIT
colleds assessents of pacaved workload duing the sc@ario. An experiment should
incorporate both objedive and swjedive measuesto fully assess arkload.

When readiing working memory limits, mental workload increases and performance deaeases.
Peformance $ows an inverted U-shaped depadency on workload with poor peformance
occurring at extremely low and high mental workload levels. Optimal performance will often
occur between thesetwo extremes (Tole, Sephens, Harrs, & Ephrath, 1982).

1.2 Purpse

The gudy exploredthe eye movement charaderistics of Terminal RadarApproach Control
(TRACON) Full Performance Level (FPL) ATCSs under diff erent levels of task load, with and
without overflying arcrét (visud noise), ad with and without arcraft intrusons. It answered
seven reseach questionsthat addressed visual scanning, subjedive ratings, over-the-shoulder
(OTS)ratings, queBonnaire sores, ad paformance sores.

Depending on the sc@ario, the ATCS encountered aspacentrugons, dfferent taskloads, ad
enroute arcraft primary radarreturns. Reseahers deerminedif changesin experimental
conditions dtered peformance and behavior. The quetionsrelatedto these banges ae as
follows:

. Do eye movement charaderisticsof ATCSs dffer acoss eperimental conditions?
. Do suwbjedive mental workload esimates(ATWIT) differ acoss experimental conditions?

a
b

c. Do OTSratings dffer acoss scaarios?

d. Do respnsesto Post-Scenario Quesionnaires dffer acoss scearios?
e. Do peformance sores dffer acoss experimental conditions?

f.

Do eye movement charaderistics dffer depeding on Visud Flight Rues(VFR) intruson
presace?

g. Do eye movement charaderistics dffer depeding on Instrument Flight Rues(IFR)
intruson presece?



1.3 Saoope

This gudy comparedvisud scaning behavior, system adivity, ATCS peformance, workload,
and plot-ATCSinteradions uwnder onditions that dfferedin traffic load, presece of visud noise,
and arcraft intruson in Class Ctermina arspace.

2. Method

2.1 Participants

Twelve adive FPL ATCSs from aTRACON fadlity participated inthe study. The participants
adively controlledtraffic for atleast 16oursin the month precedhg the expetiment. The
ATCSs gaetheir verba informed onsent to paticipae in the experiment. The reseach team
ensuedthem that their daa wee completely confidential. Paticipants hadvisud acuty not less
than 20/30 orreded. ATCSs ould wear orredive lenses ad ft contactlenses. The
oculometer design limitations excluded bifocds, trifocds, or hard contad lenses.

2.2 Fadlity

The experiment took placein three areasf the RDHFL: Expernment Room Four (ER4),
Expeliment Obsewation Room Two (EOS2), ad Expeliment Room 2 (ER2). ER4 mntains a
high fiddity, sate-of-the-artATC amulator run by ATCoach (1992) smulation software. This
station can mimic up to an ARTS Il A radar system and consists of a 22-inch, high-resolution
(2000x 2000 pxels) color radar dsplay, athreebutton trackball, and en ARTS 1lIA keyboard.
The g/stem operaedin networked mode linkedto the ER2 that mntainedthe smulation pilot
workstations. ER4 and EOS2 ontainedvideo caneras and recorders g/nchronized with
ATCoadh, the ATWIT panels, and UNIX network hardware. The smulation workstation
included &flight strip bay with time-orderedflight progress wgips. The gaff moddedthe
TRACON and interfacedATCoad with an Applied Stence Laoratories (ASL) oculometer.
The oculometer consists of an eyeheadtracking system that reordedthe point of gaze (POG)
and pupl diameter of a persn by usng nearinfrared réedion outlinesfrom the pupl and
cornea. For a deailed desdption of the equpment usedin the smulation, seeAppendix A.

2.2.1 Supprt Persnrel

The gudy employedthree smulation pilots. To dlow rotation, reseachers trained nine
simulation pilots usng proceduredgrom past &petiments with addtional proceduredor VFR
aircraft. One smulation pilot readback deaances. A seond smulation pilot keyedin entries
sant to the computer that updaedthe movement of the dspayed arcraft. The third smulation
pilot manudly recorded smulation commands @rrespnding to deaances. The training of the



simulation pilots lasted 3weeks. Training included procedures related to simulation pilots
commands and familiarization of smulation equipment. The simulation pilots trained at every
position.

A reseach tean composedof areseach psychologist, ahuman fadors enginea, and a siject
meatter expert (SME) condudedthe smulations. The team creaedthe sc@arios, @ndudedthe
OTSratings and the experiments, peformedthe dda analyses, ad wrote the final technical
report. RDHFL support engineers esuredthat the hardware ad softwarefunctioned popeily.

2.3 Operdion

During the smulations, a pesonal computer recordedthe e/e movements. The smulator
software recorded arcraft adivities. Gf-line ftware pogramsintegatedthe POG dta and the
data providedby the smulator. Programs developedby RDHFL software egineers reducethe
eye movement data and cdculatedfixation, saccadeblink, and pupl charaderistics. For each
fixation, the oftware deerminedthe radasmpe objeds (aircraft, arports, fixes, éc.) within a 2-
inch radusfrom the center of afixation.

2.4 Desgn

The objedive of this gudy wasto compare visud scan paterns of ATCSs duing high and low
taskload, peseace ad abseiceof visud noise, ad presence and ebsenceof VFR or IFR
intrusons. The deggn was a X 2 (taskloadx overflight) repe@ed measuesfull facorial desgn.
Taskload hadtwo levels, low (6 arcrat per 15minutes) ad high (12 arcrét per 15minutes),
and there wee scaarios with and without overflights.

2.4.1 Indepedent Variables

The independent variables(IVs) were visud noise,taskload, ad intrusons. Visud noise ad
taskload dffered between scanarios, whereasintruson type daanged wthin scanarios over time.
Eadh scanario consisted of smulated ar traffic of the TRACON moddedin AT Coadh for
previous epeliments (Gutman et d., 1995)

The experiment included scearios with and without visud noise. In the visud noise ondition,
reseachers moddedoverflying arcraft into the sc@ario asvisud noise usng primary radar
returns. Inthe no vsual noise condition, there were nooverflights. Hight strips from an Air
Route Traffic Control Center (ARTCC) formedthe bass for the cdculation of the number of
aircraft and the traffic composition of al overflights.

The reseach team variedtraffic volume and traffic frequency aaoss scearios. The low taskload
condition had an averageof 6 arcrdt entering the arspace per 15inutes wth 6 arcrdt visible
on the radar screeat ayy given time. The high taskload @ndition had an averageof 12 arcraft
per 15minutes wth 12 arcrdt visible on the radar screeat avy giventime. The ad¢ud scenario
composition varied depading on how the ATCS workedthe drspace.



The simulations included intrusions as aircraft making an unscheduled entry into Class C airspace.
The intrusions included both aircraft under VFR or IFR with special care given to prevent the
ATCS from anticipating the onset of an intrusion. The levels of the intrusion I1Vs were no

intrusion (baseline), VFR intrusion, or IFR intrusion.

The research team created eight scenarios reflecting the levels of the 1Vs [overflights (yes, no),
task load (low, high), and intrusion type (IFR, VFR)]. For a detailed description of the
experimental and practice scenarios, see Appendix B. The TRACON used in these scenarios
consisted of two sectors (north and south), worked by a single ATCS. To keep the scenarios
realistic, they, at most, included two intrusions. IFR intrusions only occurred under the overflight
condition.

2.4.2 Dependent Variables

Researchers averaged the following sets of dependent variables (DVs) over 5-minute intervals:

a. Subjective Workload Assessment. The ATWIT device (Stein, 1985) assessed the
workload of the ATCS. The ATWIT measure is a workload estimate based on a scale
from 1 (very low or no workload) to 10 (extremely high workload). The ATCS,
prompted by a low tone, made a workload rating every 5 minutes. Each participant made
9 ATWIT ratings in a 45-minute scenario allowing calculation of the mean and maximum
rating for each scenario.

b. Questionnaires. The experimenters used three types of self-report questionnaires adapted
from previous experiments. The questionnaires (see Appendix C) included an Entry
Questionnaire, Post-Scenario Questionnaire, and Exit Questionnaire (Abbott, Nataupsky,
& Steinmetz, 1987; Guttman et al., 1995; Sollenberger & Stein, 1995; Stein, 1992). The
Entry Questionnaire contained questions concerning demographic information. The Post-
Scenario Questionnaire contained questions about various aspects of controlling traffic
during a scenario. The Exit Questionnaire provided feedback about the experiment.

c. Over-the-Shoulder Ratings. The research team rated the performance of the ATCSs for
each scenario. They used a form that captures a wide range of ATC-related performance
issues (adapted from Guttman et al., 1995). (See Appendix D.)

d. Performance. The automated data reduction module developed at the RDHFL provided
performance data broken down by conflicts, complexity, error, communications, and task
load (Algeo and Pomykacz (1996). Further analysis used a subset of these performance
variables (see Appendix E).

e. Visual Scanning. The oculometer data formed the basis for the variables related to visual
scanning. For each scenario and 5-minute interval, the research team calculated the
variables in Appendix F, Table F-2. Visual scanning targets were radarscope, keyboard
area, ATWIT device, flight strip bay, aircraft, static objects, departure list, system settings,
preview area, and Conflict Alert/Low Altitude (CA/LA) area. See Appendix F for a more
detailed description and information about the computation of the visual scanning DVSs.




2.5 Procedure

Twelve FPL ATCSs paticipaedin the expetiment during the workweek. The morning of their
first day consisted of a briefing and a emiliarization period. The reseach tean explained the
expeliment, the oculometer, dfferencesbetween ATCoad and their own equpment, and the
confidentiality of ATCSs’identity. They provided an informed @nsent briefing, and paticipants
gave averbal commitment to the experiment and their understanding of informed consent
doctrine. The ATCSsthen completed an Entry Quesionnaire that included denographic
quesions &out age, gperiencelevel, and needfor corredive dasses. Resezers asggnedthe
participants to an experimental condition.

Afterrecaving instructions aout the Letter of Agreement (LOA) and the Sandard Opeating
Procedures (SOPs), the ATCSs familiarized themselves with the laboratory equipment. The
laboratory equpment includedthe XK dispgay and the smulation configuration of the setor.
Then, the ATCSs completed a20-minute familiarization scenario with the oculometer. After a
break,the first of three scaarios wasrun. Ead experimental run consisted of se¢up and
cdibration of the ocuometer, a smulation run, and a RPst-Scenario Quesionnaire. Afterthe
initial scanario, there was éreakfor lunch after which the ATCSs workedtwo scaarios with a
30-minute breakbetween ead scanario. The seond day consisted of abrief Smulation review
followedby two scenarios in the morning and three scearios in the dternoon. Finally, the
participants filled out an Exit Questionnaire. Appendix G presents adetailed schedule of
adivities.

2.5.1 DataReduction

2.5.1.1 Quesionnaires

Resegchers adninisteredthe Entry, Post-Scenario, and Exit Quesionnairesin paper ad pencil
format and transaibedthe respnsesinto a speaddied. Reseechers aeded a déa setfor each
guestionnaire.

2.5.1.2 Over-the-Shoulder Ratings

Reseachers enteredthe ratingsfromthe OT'S quetonnairesinto a speadéed. The dda set
consistedof SME ratingsof ead ATCSfor al eight scenarios.

2.5.1.3 Visua Scahning Data

The oculometer recrded ge movements in terms of horizontal and verticd positions. The
Magnetic HeadTracker (MHT) provided msition and orientation of the headin sx degree®f
freecbm. The ftwareintegraedthe g/e and headmovement datato deemine the POG. The
ocuometer identifiesthe dane at which the ATCSlooked and recordsthe cordinatesrelative to
that dane. The sanpling rate of the oculometer and the MHT was 60 saples per seand.
Expeimentersreducedhe raw dda and expressedt asfixations, saccadesnd blinks. Fixation
characeristicsincludedtime of onsd, durdion, the dane being looked 4, the area overedby
small eye movements within the fixations, and the cordinatesrelative to the dane. Appendix H
contains a desaption of the output dter thisfirst sageof daa redution. Saccadelaraderistics
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include information on the magnitude of the saccade and the average velocity during the saccade.
Researchers summarized a number of variables derived from the fixation and saccade data per
scenario and 5-minute interval. The first data set contained 8 x 12 (scenarios X ATCSSs) records
of the visual scanning summary variables per scenario. The records contained ATCS and
experimental condition identifications at the scenario level. The second set contained 8 x 12 x 9
(scenarios x ATCSs x intervals) records of the visual scanning summary variables per 5-minute
interval.

The research team integrated the eye movement data with simulator information about static
objects (airports, VHF Omni-directional ranges (VORS), fixes, intersections, and the system area)
and dynamic objects (aircraft and the preview area). Appendix I, Figure I-1 displays a snapshot at
20 minutes into a high task load scenario with visual noise present. Appendix I, Figure 1-2,
presents the integrated data of the simulator and the oculometer for a similar scenario.

Figures I-3 and I-4 show the advantage of collecting object-related fixation information. Figure I-
3 shows the fixations of one participant for a 45-minute low task load scenario without visual
noise. Although one sees an increased density of the number of fixations along the runways
(shown in Figure 1-3), no information is available about how this relates to the fixation
distribution across aircraft. Superimposing the flight paths of the 20 aircraft in the scenario did
not relate fixation information to aircraft movements. ldentifying a target aircratft (e.g.,

BTA3721) clearly shows that the ATCS follows that aircraft throughout the airspace (Figure 1-4).

2.5.1.4 Performance Variables and ATWIT

The Data Reduction & Analysis (DR&A) module processed raw data files produced by ATCoach,
ATWIT, and the communications system. The DR&A module produced summary, interval, and
error files for each scenario. The interval and summary files formed two separate data sets. The
first data set contained 12 x 8 (ATCSs x scenarios) records that included the summary variables
calculated per scenario. The second data set with 12 x 8 x 9 (ATCSs x scenarios x intervals)
records contained the summary variables calculated per 5-minute interval.

2.5.2 Data Analysis

This section briefly describes the data analysis for DV data sets (ATWIT, questionnaires, OTS
rating form, visual scanning, and performance). The statistical methods used for the analysis
include Multivariate Analysis of Variance (MANOVA) and Analysis of Varia(BBlOVA). The
MANOVA compares averages for several variables simultaneously, tests if these averages are
different due to chance alone, and includes the effects of more than one DV. After a significant
result of a MANOVA, researchers conducted ANOVASs to investigate individual DVs.

The ANOVAs compare averages of a single variable between multiple conditions and determines
if these averages are different due to chance alone. A difference between means is significant if
there is a very high probability that the means are actually different. For general concepts in
statistics and more detailed information about the statistical methods used in this study, see
Appendix J.



2.5.2.1 ATWIT Ratings

For the analysis concerning the subjective ratings, researchers used a MANOVA on maximum and
mean ATWIT ratings. This MANOVA, structured as a 2 x 2 (Task load x Visual noise) repeated
measures design, addressed the differences across scenarios.

2.5.2.2 Questionnaires

The Entry Questionnaire contained questions about participant background and importance of
provided airspace and aircraft information. The analysis of the Entry Questionnaire data consisted
of the calculation of means and standard deviations (SD).

The Post-Scenario Questionnaire contained general questions about the simulation, ATCSS’
perceived Situation Awareness (SA), and NASA TLX items. If the MANOVA showed statistical
significance, subsequent analyses included ANOVAs on the individual variables. The analyses of
the SA and NASA TLX items followed the same pattern as the analyses of the general questions.

The Exit Questionnaire collected ATCSs’ impressions of the experiment. The analysis of the Exit
Questionnaire data consisted of the calculation of means and SDs.

2.5.2.3 Over-the-Shoulder Ratings

The OTS ratings consist of questions relating to six categories: Maintaining Safe and Efficient
Traffic Flow, Maintaining Attention and SA, Prioritizing, Providing Control Information,

Technical Knowledge, and Communication. The researchers compared OTS rater responses in a
two-way, 2 x 2 (overflights x task load) fashion.

2.5.2.4 Visual Scanning

Three MANOVAS tested the hypotheses related to the changes in visual scanning. The first
MANOVA addressed visual scanning differences across scenarios and was a 2 x 2 repeated
measures analysis (overflights x task load). The second MANOVA addressed the differences
between 5-minute intervals in similar scenarios that contained VFR intrusions and the
corresponding interval without intrusions. It was a two-way repeated measures MANOVA (i.e.,

2 x5 [VFR presence x conditions]). The third MANOVA investigated differences between
intervals in similar scenarios that contained IFR intrusions and the corresponding intervals without
intrusions. This MANOVA was of a 2 x 5 (IFR presence x conditions) design.

2.5.2.5 Performance Scores

The four categories of variables related to performance included conflicts, separation, complexity,
and communications. Four sets of MANOVAs tested the hypotheses related to performance
scores on selected performance variables. These MANOVAs addressed the differences across
scenarios and were of repeated measures 2 x 2 (overflights x task load) design.



3. Reslts

Analysesof the Entry and Exit Quesionnaires onsisted of the cdculation of the means and SDs.
Analysesof other dda sesinvolved MANOVAs and ANOVAS when appopriate. Appendix K
preseits overal averagesfor DVs usedn inferential satistics.

3.1 ATWIT

The ATWIT devicereoordedATCSratings and the anount of time it took the ATCSto resppnd
(latencieg. Reseechers cdculatedthe mean and maximum ATWIT rating and latency for each
scanario. Correlations between the mean and maximum on-line ATWIT ratings and the post-
scanarnio TLX workloadindicated what divesthe post-scenario percegpion of workload. This
report only presants the resuts of the analyseson mean and maximum ATWIT ratings (Figure 1).
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arfi]l:  ATWIT Rating for interval [i]
alil:  ATWIT Latency for interval [i]

Figure 1. Derivation of ATWIT variables from raw ATWIT scores.

The MANOVA of the ATWIT ratingsincludedthe mean and the maximum of the rédings wthin a
scenario. The dfeds of increasng taskload and introdudng visud noiseinteraded[A = .70,
F(2, 21)= 4.45,p < .05] (Appendix L, Table L-9). The dfectof visud noise wasot sgnificant
as a snple dfect(Table L-9).

Researkersincludedboth the mean and the maximum ATWIT rating items in the MANOVA.
To ensure an overall aphalevel of .05, the agused dpha was .025for the ANOVAS.

3.1.1 Mean ATWIT Rding

Under high taskload ®nditions, the mean ATWIT rating was gynificantly higher than underlow
task load conditions [F(1, 22)= 92.37,p < .05] (Figure 2). The presaceof visud noise dd not
significantly affectthe mean ATWIT ratings.
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Figure 2. Meas and SDsof mean ATWIT ratings as dunction of taskload.

3.1.2 Maximum ATWIT Rating

The dfeds of introdudng visud noise ad increasng taskload on the maximum ATWIT rating
interaded[F(1, 22)= 9.19,p < .05] (Appendix L, Table L-10). The smple dfeds srowedthat
the dfectof taskload on the maximum ATWIT rating was sronger underthe no noise ondition
(Table L-11). There wasno sgnificant effect of the preseance of visud noiseon the maximum
ATWIT rating for both task load levels (Figure 3).
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Figure 3. Means and SDs of maximum ATWIT ratings for load-visual noise combinations.

3.1.3 Correlation Between Mean and Maximum ATWIT Raings and TLX

The post-scenario TLX items showed higher aorrelations with the mean ATWIT ratingsthan with
the maximum ATWIT ratings. Both the mean and maximum ATWIT rating showed the highest
correlation with the TLX item on mental demand (r = .71 and r = .50, respetively). Table K-3,
Appendix K, presents adetailed correlation metrix.

3.2 Quesionnaires

3.2.1 Entry Questionnaire

The Entry Quesionnaire inquired dout paticipants’ generd backgiound and preerencesof
information available on aircrat and radarsope. When askedo indicae an LOA or level of a
modadlity, paticipants chosefrom a dscrede 10-mint scde.

The 12 paticipants averaged 34eas of age, &nost 12yeas of ATC experience, and over 8
years atheir TRACON. nethird of the paticipants used orredive lenses duing the
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experiments. These volunteers actively controlled traffic for an average of 11.5 months during the
last 12 months. Their self-rated ATC skill level was high, and they perceived a moderate stress
level. Their motivation and current state of health were good. They indicated moderate
preference towards vertical separation, less preference towards vectoring, and no level of
preference towards speed control. The self-rated level of experience with video games was low.
Table 1 presents detailed values for the means and SDs for the general background variables.

Table 1. General Background Questions=(NI2)

Variable Label Meah Shs
Age 37.42 3.5p
Lenses 0.38

ATC Experience 11.97 4.38
Present TRACON Experience 8l42 4.62
Active Control last 12 Months 11.50 173
ATC Skill 8.25 1.22
Stress 5.50 2.15
Motivation 7.472 2.11
Health 8.58 1.1p
Vertical Separation Preferencg 6.75 1.36
Vectoring Separation Preference 5.67 1.30
Speed Separation Preference 41.83 1.64
Video Game Experience 3.42 2|15

Table 2 presents the ratings for several aircraft-related variables sorted from most important to
least important. The ATCSs rated the current altitude, current location, and assigned altitude as
the three most important pieces of information about the aircraft. Least important were entry fix,
exit airspeed, and beacon code.

ATCSs indicated that airports, sector boundaries, Instrument Landing System (ILS) approaches,
restricted area boundaries, and ILS outer-marker information were most important. Less
important were conflict alert, holding pattern, and system clock information.

Table 3 presents detailed information on the ATCS ratings of important radarscope information.
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Table 2. Importance of Aircraft Information @N12)

Variable Label Meah SDs
Current Altitude 9.3B 0.89
Current Location 9.33 0.98
Assigned Atitude 9.17 1.08
Arrival Apt. (within sector) 8.6 1.50
Call Sign 8.38 3.4b
Departure Apt. (within sector) 8.p5 230
Near Exit Fix/Arrival Apt. 8.1Y 2.1p
Type 7.92 1.8
Density 7.92 131
Exit Altitude 7.54 1.88
Waiting for Hand-off/Release 7.42 2J15
Assigned Heading 7.33 1.p6
Current Airspeed 7.17 1.¥5
Assigned Airspeed 7.00 1.48
Current Heading 6.92 1.93
Entry Altitude 6.58 2.9
Exit Fix 6.58 1.88
ATCS Ownership 6.36 3.80
Holding/Spinning 6.1 2.25
Entry Airspeed 5.58 2.31
Entry Fix 4.97 2.57
Exit Airspeed 475 245
Beacon Code 4.58  3.p6

Table 3. Importance of Radarscope Informatior=(I\2)

Variable Label Meah SDs
Airports 8.83 1.4y
Sector Boundaries 8.83 1140
ILS Approaches 8.15 1.48
Restricted Area Boundaries 8|58 1.51
ILS Outer Marker 8.50 1.68
Runways 7.7 2.18
Fixes 7.50 2.1p
VORs 7.42 2.3b
Future Act. List 5.5D 2.43
Range Rings 5.33 2.67
Obstructions 5.33 2.46
Filter Settings 5.33 2.31
Conflict Alert 5.33 3.70
Holding Patterns 4.7 2.50
System Clock 4.08 2.75
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3.2.2 Post-Scenario Questionnaire

The Post-Scenario Questionnaire contained eight general questions concerning realism,
representativeness, ATWIT interference, oculometer interference, simulation pilot responsiveness,
working hard, quality of control, and difficulty. Table K-1, Appendix K, presents the means and
SDs for these questions.

The analysis investigated if a difference in ATCS response occurred when task load changed from
low to high or when the scenario changed from having no visual noise to having visual noise. If
the analysis showed that the experimental conditions did affect the general questions significantly,
the subsequent analyses consisted of ANOVAs on individual variables.

The effects of increasing task load and introducing visual noise on the responses to the general
post-scenario questions interacted significartiy=[.41, F(8, 15) = 2.66p < .05] (Appendix L,

Table L-1). Because of this interaction, researchers analyzed visual noise impact under both low
and high task loads and also task load with or without visual noise. The effect of increasing task
load on responses to general post-scenario questions was slightly stronger in the absence of visual
noise )\ = .04, F(8, 15) = 44.30 versus = .08, F(8, 15)= 22.08,p < .05, orm = .98 versus

.96, respectively]. The effect of introducing visual noise was only significant under high task load
conditions P\ = .41,F(8, 15) = 2.65p < .05].

Because the MANOVA results indicated that the experimental conditions affected the general
post-scenario questions, researchers analyzed each of the questions individually. To maintain an
overall alpha level 0005, the researchers adjusted the alpha levé0®4 for the analyses.

Without the adjustment of the alpha level, the sequence of subsequent univariate analyses may
allow the overall probability of error to creep upward. Figure 4 presents the means and SDs for
the eight general post-scenario questions.
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Figure 4. General post-scenario questions as a function of task load and visual noise.
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. Realism and Representativeness

Visual noise made the scenarios slightly more realistic although not statistically significant.
The scenarios were equally representative of an average day at the TRACON. Although
not statistically significant, ATCSs indicated that the low task load scenarios were more
realistic than the high task load scenarios.

. ATWIT and Oculometer Interference

The ATCS perceived little interference from the ATWIT device. The equipment bothered
them even less when the task load was low. The oculometer hardly interfered, but more
than the ATWIT device. The ATCSs did not perceive that increased task load caused any
greater oculometer interference. Visual noise in the scenario reduced the perceived level
of interference caused by the oculometer, although not significantly.

Simulation Pilot Responsiveness

The perceived quality of the simulation pilot responses was very high. Increasing task
load reduced the perceived quality of these responses, but not significantly. Introducing
visual noise did not alter the perceived quality of the responses.

. Working Hard

The effect of increasing task load on the perception of ATCSs on how hard they worked
during the simulation depended on the presence of visual k¢ise2R) = 9.24p < .05]

(Table L-2). Researchers determined simple effects. ATCSs felt they worked harder
during high task load scenarid¥(], 22)= 296.66,p < .05]. The increase in perceived
workload due to an increase in task load was smaller when visual noise was present than
when it was absent.

. Quality of Control

Participants perceived that their control quality was lower under high task load conditions
[F(1, 22) = 14.44p < .05] (Table L-3). Under high task load conditions, visual noise led

to an increase in perceived quality of control, although not statistically significant. Under
low task load conditions, visual noise did not affect the perceived quality of performance.
The introduction of visual noise showed a trend toward an increase in perceived quality of
control, although not significantly.

Difficulty

The effects of increasing task load and introducing visual noise on perceived simulation
difficulty interacted F(1, 22) = 11.21p < .05] (Table L-2). Visual noise itself did not

affect the perceived difficulty, but it altered the effect of increasing task load. Introducing
visual noise increased the perceived difficulty under low task load conditions, but it
reduced the perceived difficulty under high task load conditions.
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g. Situation Awareness Questions

The four post-scenario questions involving SA estimates included overall SA, current
aircraft location SA, projected aircraft (A/C) location SA, and potential violation SA. The
post-scenario questions that addressed the ATCSs’ SA showed a multivariate significance
for the effects of increasing task loatl £ .32, F(4, 19) = 10.31p <.05] and introducing

visual noise \ = .55,F(4, 19) = 3.86p < .05] (Table L-4). The MANOVA on SA

related questions involved responses for four questions. To maintain an overall alpha level
of .05, the adjusted alpha level for the analyses on individual question818as

The ATCSs estimated their SA higher under low task load than under high task load
conditions [Overall SAF(1, 22) = 25.19, Current A/C Location SR(1, 22) = 42.98,
Projected A/C Location SA;(1, 22) = 32.85, Potential Violations SA(1, 22) = 13.03,
all p< .05] (Table L-5). Figure 5 summarizes the means and SDs.
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Figure 5. Means and SDs for SA post-scenario questions as a function of task load.

Visual noise affected only the SA question concerning potential violafighs22)= 14.63,
p < .05] (Table L-6). ATCSs perceived that they had a better SA for potential violations (Figure
6) in the presence of visual noise.
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Figure 6. Means and SDs for SA for potential violations as a function of visual noise.

16



3.2.2.1 Post-Scenario TLX

The items of the NASA TLX were mental, physical, and temporal demand; performance; effort;
and frustration. The MANOVA on these items displayed a significant effect of increasing task
load |\ = .06,F(6, 17) = 45.17p< .05]. To ensure an overall alpha levelGH, the adjusted

alpha was0085 for the ANOVAs on all six items.

The mental, physical, and temporal demand; level of effort; and frustration were higher under high
task load conditions than low task load conditidrd.[ 22)= 222.27, 41.91, 99.95, 23.84, 80.05
respectively, all ap < .05]. The performance level was lower under high task load than under
low task load conditiond1, 22) = 8.72p < .05]. Table L-8 presents detailed ANOVA results
for the effect of task load. Figure 7 presents the means and SDs of the individual TLX items.
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Figure 7. Means and SDs for post-scenario TLX items as a function of task load.

3.2.3 Exit Questionnaire

After the eight experimental scenarios, the participants completed an Exit Questionnaire
(Appendix C). The Exit Questionnaire collected their opinions on topics covered in the Post-
Scenario Questionnaires. The ATCS rated each item on a scale from 1 to 10. The overall realism
of the scenarios was moderately good. The participants perceived the scenarios as a moderately
realistic representation of an average day at their TRACON. The participants felt that the

ATWIT device hardly interfered with controlling traffic. The oculometer interfered more than the
ATWIT device, but the level of interference was low. The simulation pilots performed extremely
well. The hands-on training was adequate (Table 4).

Table 4. Exit Questionnaire (N 12)

Variable Label Meah SDs
Realism 6.42 1.44
Representative 5.67 2.05
ATWIT interference 1.58 0.90
Oculometer interference 3.7 2|55
Simulation pilot performance 9.83 0J98
Training adequacy 8.91 1.14
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3.3 Over-the-Shoulder Evaluation

3.3.1 Rdings

The OT Srating form containedthree sés of quesions. The first mncened ATCS peformance.
The seond set onsisted of sdededitems from the Rost-Scenario Quesionnaire. The third setof
guesionsincludedthe gx items of the NASA TLX. Rese&chers analyzed eah of these goups
of quesions separtely.

The gaerd OTS evaluaion consisted of quesions rdatedto Maintaining Sde and Efficient
Traffic Flow, Maintaining Attention and SA, Prioritizing, Providing Control Information,
Tednicd Knowledge, ad Communication.

Traffic load manipulation affeded d quesions rdatedto Maintaining Sde and Efficient Traffic
Flow. Under high task load conditions, the OTS rater evaluated maintaining separation and
relving potential conflicts lower and ATCSs sequeed arival and depature arcrat more
efficiently (Figure 8).

OFRPNWhUITO N
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Figure 8. Meas and SDsfor traffic flow related quesons as dunction of taskload.

Task load manipulation affeded all questions related to Maintaining Attention and SA (Figure 9).
With increasng taskload, the paticipants maintained awaenessof arcraft positions lessbut
ensured positive control. Also, detedion of pilot deviations from control instructions was less
likely, and ATCSs orrededther own errorsin alesstimely manrer.
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Figure 9. Meas and SDsof variablesrelated to maintaining atention and SA as afunction of
task load.
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Task load manipulation affected all questions related to Prioritizing. The OTS rater indicated that
all prioritizing-related variables showed a lower performance under high task load (Figure 10).
However, mean ratings indicated that overall observers believed performance was on the top third
of the scale.
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appropriate order of several A/IC performing other tasks
importance
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Figure 10. Means and SDs for variables related to prioritizing.

The visual noise manipulation affected preplanning control actions. Participants showed better
preplanning when visual noise was present than when visual noise was absent (Figure 11).

No Visual Noise Visual Noise

N DO
|

Figure 11. Means and SDs for preplanning control actions as a function of visual noise.

The section in the OTS rater’s form on Providing Control Information provided essential ATC
information. An increase of task load lowered the OTS rater perception of the quality of
providing essential ATC information (Figure 12).

B

Low Task Load High Task Load

ON O O

Figure 12. Means and SDs for providing essential ATC information as a function of task load.

The observer perceived a decrease in providing additional ATC information as task load
increased. In the absence of visual noise, increasing task load reduced the amount of additional
ATC information provided (Figure 13).
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Figure 13. Means and SDs of providing additional control information as a function of task load
and visual noise.

The questions on Technical Knowledge consisted of showing knowledge of LOAs and SOPs and
showing knowledge of aircraft capabilities and limitations. Neither task load or visual noise
affected the responses to these questions.

The issues related to the quality of ATCS Communications were using proper phraseology,
communicating clearly and efficiently, and listening for pilot readbacks and requests. Clarity,
efficiency, and the quality of listening for pilot readbacks decreased with increasing task load
(Figure 14), although the OTS rater did not notice a difference in the use of proper phraseology.
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Communicating clearly andlistening for pilot readbacks
efficiently and requests

Figure 14. Means and SDs for variables related to communication as a function of task load.

Figure 15 presents the means and SDs of the six NASA TLX items, which are the observer’s
estimates of participant workload dimensions. An increase in task load increased the perceived
level of Mental Demand, Frustration, Physical Demand, Temporal Demand, and Effort. The
presence of visual noise reduced the task load effects for Mental Demand and on Frustration and
lowered the level of Performance under high task load.
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Figure 15. Means and SDs of OTS NASA TLX items by task load and visual noise.

3.3.2 Comments Related to Class C Airspace Violations

The OTS rater comments provided valuable information about how ATCSs dealt with the
incursions. According to FAA Order 7110.65J (FAA, 1996), ATCSs must attempt to establish
two-way radio communications with any aircraft entering Class C airspace. This study revealed
that only a few ATCSs correctly followed this order. The descriptions below are summaries of
the comments on the four questions related to controller SA made by the OTS rater.

Scenario 1, a low task load simulation with visual noise present, contained one VFR incursion and
one IFR incursion. The VFR incursion flew through Class C airspace at 2,500 feet. The IFR
incursion skimmed the top of Class C aasp at 7,000 feet. Several of the ATCSs did not
acknowledge the presence of one or both of the intruders. The ATCSs that did recognize the
incursion of their airspace displayed a wide variety of actions after the detection of an incursion.
The ATCS often recognized the VFR intruders, issued the intruder as traffic to other aircraft, but
did not attempt to establish two-way communications. Other ATCSs called local control or the
tower to inform them about the presence of a VFR intruder in Class C airspace. Actions taken
after detecting the IFR intruder ranged from calling the ARTCC for information about the

aircraft, to attempting to establish two-way radio communications.

Scenario 2, a high task load simulation with visual noise present, contained one VFR and one IFR
Class C airspace incursion. The VFR incursion aircraft took off from an airport just outside of
Class C airspace and flew into Charlie airspace at 2,500 feet. The IFR incursion aircraft
descended from high altitude into Class C airspace without announcing itself. Before it became a
Class C violator, the aircraft contained neither a limited nor a full data block. Several of the
ATCSs failed to detect the incursions into Class C airspace. The observer indicated that “most of
the time, the intruder’s limited data block was near the full data block of another aircraft.” Some
ATCSs noticed the incursions and took appropriate action. They called adjacent sectors, tried to
establish two-way radio communications, and issue the intruder as traffic when appropriate.
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Scenario 3, a low task load scenario without visual noise, contained two VFR intruders. One of
the intruders entered Class C airspace at 3,000 feet. The other intruder did not actually enter
Class C airspace but was traffic for other aircraft. Most of the ATCSs recognized the VFR
incursion into Class C airspace, and several of them coordinated with the tower or issued the
intruder as traffic to other aircratft.

Scenario 4, a high task load scenario without visual noise, contained two VFR incursions of Class
C airspace. This simulation contained two VFR intruders. The first intruder entered Class C
airspace at 3,500 feet from a southwest direction. The other intruder entered Class C airspace at
2,500 feet from a northeast direction. Several of the ATCSs did not acknowledge one of the
intruders as it flew through Class C airspace even when it passed near other aircraft as traffic.
Some of these ATCSs recognized an intruder only after it passed through Class C airspace. Other
ATCSs saw both intruders and issued them several times as traffic to other aircraft.

Scenario 5, a low task load simulation with visual noise present, contained two IFR Class C
incursions. The first incursion descended from 9,000 feet to 7,000 feetiftigeafeClass C

airspace for this TRACON) and came in from a north/northeast direction. The second incursion
descended from 8,500 feet to 7,000 feet from a southwest direction. Both IFR intruders were
part of the high altitude overflights that simulated the visual noise. Before becoming an intruder,
the aircraft contained neither limited nor full aircraft. Some of the ATCSs did not detect one or
both of the intruders, although the traffic load was light. Other ATCSs noticed an intruder only
after it had passed through Class C airspace. The response of ATCSs that noticed the intruders
varied from calling adjcent sectors to inquire about aircraft, to establishing two way
communications, and to issuing traffic when appropriate.

Scenario 6, a high task load scenario with visual noise present, contained two IFR Class C
airspace incursions. This simulation contained two IFR intruders that dropped from a higher
altitude down to 2,000 feet into Class C airspace from a South/South-West direction. The OTS
rater indicated that many of the ATCSs did not notice one or both of the IFR incursions into Class
C airspace. In some cases, an ATCS detected an intruder after it had passed through Class C
airspace. (The intruder was finally identified aboutiil@s before exiting the airape). In this

high task load scenario, several controllers had operational errors that involved an IFR intruder.
(The second intruder merged with another aircraft at 3,500 feet without a traffic advisory being
issued). Some of the ATCSs detecting one or both of the IFR incursions contacted the tower, but
other ATCSs did not take further action.

To assess how many ATCSs missed intrusions, researchers reviewed the OTS rater comments and
tallied the number of intrusions the ATCS issued as traffic, inquired with other facilities about,

tried to contact, or otherwise acknowledged the intruder. Figure 16 presents the results. Of the
eight scenarios, six included incursions into Class C airspace. Four of these scenarios contained
high altitude overflights as visual noise. There were three scenarios of each task load level.
Although the number of observations was not equally distributed across conditions, researchers
calculated the proportion of controllers that either missed both incursions, picked up one of the
incursions, or picked up both incursions (Figure 16). In each of the conditions, at least 1 of the

12 participating ATCSs missed one of the intruders. In the extreme case of high task load and
presence of visual noise, one fifth of the ATCSs detected both intruders.
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Figure 16. Pecent of ATCSsthatindicated deéedion of the dass C aspaceviolations.

3.4 Visua Scanning

The summary variablesfor 5-minute intervals formedthe bags for the visud scaaning dda se.
The 5Sminute intervals enabledrejedion of a sngle interval without loosing the complete
simulation. Reserchers redacedthe variable valuesfor that rejededinterval with the average
values acoss d conditions for thatinterval. Of 864intervals (12 paticipants x 8 sc@aros x 9
intervals), the reseachers rejeded 15intervals dueto alow number of saccadeflessthan 200
saccade a 5minute interval) and 10intervals dueto ahigh number of saccadesnfore than 800
saccades a 5minute interval). For dl rgededintervals, reseachers sustitutedthe visual
scaning variablesby overall 5-minute interval means. Therefore, the number of sunmary daa
points presatedin the Reslts Setion is 864 pasedon 12 (paticipants) x 8 (sc@arios) x 9
(intervals) = 864]. The 5minute interval data formedthe bags for the summary daa per
scenario.

The visud scaning variables represeedthreelevels of detail. Thefirstlevel included geeral
characeristics of fixations, saccadeslinks and pupl diameter. The seond level included
charaderistics of fixations by scene dane: the radasmpe,the ATWIT panel, the flight progress
strip bay, and the keyboard/mouse aea. Thethird level included daraderistics of fixations on
radasmpe objeds: arcraft, low dtitude ad conflict dert areas, gstem area,tab list, Satic
objeds (airport, runways, fixes, VOR$, and preview aea. The following setions dscuss edtof
the levels.
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3.4.1 General Eye Movement Characteristics

Variables reflecting general eye movement characteristics included fixations, saccades, blinks, and
pupil diameter. The variables used to analyze differences in general eye movement characteristics
between conditions were

number of fixations,
mean fixation duration,
mean fixation area,
visual efficiency,

mean saccade duration,

-~ 0o 2 0 T p

mean saccade distance,

eye motion workload,

> @

mean pupil diameter,

motion workload,

J. - number of blinks,

k. mean blink duration, and
l.  mean blink distance.

Appendix F presents definitions for several of the general eye movement variables. Appendix L,
Table L-12 presents the results of the MANOVA. The only effect on general eye movement
characteristics was due to the task load manipulation [35, F(5, 18) = 6.68p < .05]. The

reader should bear in mind that the DVs used in the multivariate analyses are somewhat
correlated. The correlations between the DVs used in the multivariate analysis do not reach a
level where one of the variables is redundant. Table L-13 shows the details of the ANOVA
results for the effect of task load on general eye movement characteristics.

To maintain an overall alpha @5 with 11 DVs, the adjusted alpha used in the univariate
ANOVAs was.0047. Increasing task load or introducing visual noise did not affect the number
of fixations. Only mean fixation area showed a significant increase between the low and the high
task load conditionsHq(1, 22) = 19.54p < .05] (Figure 17). Although introducing visual noise
affected how much the fixation area increased with task load, this interaction did not reach
statistical significance.
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Figure 17. Means and SDs of fixation area as a function of task load and visual noise.

Although saccade distance decreased as a function of task load, it did not reach statistical
significance (Figure 18).
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Figure 18. Means and SDs of the saccade distance as a function of task load and visual noise.

3.4.2 Scene Plane Fixations

The scene plane fixation variables included the number and duration of fixations on the
radarscope, flight strip bay, ATWIT device, and keyboard area. The MANOVA results showed
an interaction between load and visual nofse=[.25, F(4, 19)= 14.20,p < .05] on scene plane
fixation characteristics (Table L-14).

To maintain an overall alpha level 66 with eight variables, researchers used the adjusted alpha
level of.00639. Table L-15 presents the ANOVA results for the interaction between the effects
of task load and visual noise.

The introduction of visual noise interacted significantly with the effect of increasing task load on

the number of fixations on the radarscopgl| 22) = 15.62p < .05]. The number of fixations

on the radarscope within a scenario was higher when task load was low. The number of fixations
on the radarscope was larger when visual noise was present under low and smaller under high task
load conditions (Figure 19).
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Figure 19. Mean and SD of the total number of fixations on the radarscope as a function of visual
noise and load over a 45-minute scenario.

Increasing task load and introducing visual noise interacted for duration of fixations on the
radarscopeH(1, 22) = 17.49p < .05]. The mean fixation duration on the radarscope in the
absence of visual noise was higher for low task loads than for high task loads. The presence of
visual noise reversed this effect, and the mean fixation duration increased under high task load
conditions (Figure 20).
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Figure 20. Mean and SD of fixation duration on the radarscope as a function of visual noise and
task load.

The load and visual noise interaction effect for the number of fixations on the flight strig(bay [

22) = 14.72p < .05] was significant. The number of fixations on the flight strip bay stayed the
same under low and high task load conditions when visual noise was absent. When visual noise
was present, the number of fixations on the flight strip bay increased under high task load
conditions. When the task load was low, the introduction of visual noise changed the number of
fixations on the flight strip bay only marginally. Under high task load, the introduction of visual
noise introduced a substantial increase in the number of fixations on the flight strip bay (Figure
21).
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Figure 21. Mean and SD of number of fixations on the flight strip bay as a function of visual
noise and task load.

Task load and visual noise manipulation did not interact for the duration of fixations on the flight
strip bay. The fixations were significantly shorter in duration for high task load conditions than
for low task load conditiond[1, 22) = 36.95p < .05] (Figure 22).
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Figure 22. Mean and SD of the mean fixation duration on the flight strip bay as a function of task
load.

Increasing task load significantly increased the number of fixations on the keyboard area

[F(1, 22) = 131.55p < .05] (Figure 23). The number of fixations on the keyboard area increased
by approximately 41%. Increasing task load or introducing visual noise did not affect the number
or the duration of fixations on the ATWIT device or the fixation duration on the keyboard area.
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Figure 23. Means and SDs of the number of fixations on the keyboard area as a function of task
load and visual noise.
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3.4.3 Radarscope Fixations

The changes in the fixation characteristics on objects on the radarscope due to task load and
visual noise were not independent$ .15, F(1, 22) = 19.20p < .05] (Table L-16). Because of

the interaction between visual noise and task load increase, researchers calculated multivariate
simple effects. The alpha level after adjusting for the 10 DVs to maintain an overall ap&a of
was.0051.

The effects of increasing task load and introducing visual noise on the number of fixations on the
system area influenced one anothgl| 22) = 10.54p < .05] (Table L-17). There were fewer
fixations on the system area under high task load. Introducing visual noise reduced the number of
fixations on the system area. This reduction was less pronounced under high task load conditions
(Figure 24).
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Figure 24. The number of fixations on the systems area as a function of task load and visual
noise.

Increasing task load resulted in a significdf(tl] 22) = 44.09p < .05] decrease in the fixation
duration on the system area (Figure 25 and Appendix L, Table L-18). Introducing visual noise
did not significantly alter the duration of fixations on the system area.
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Figure 25. Mean fixation duration on the systems area as a function of task load.

The mean number of fixations on static objects showed an interaction effect of the manipulation of
task load and visual noisg(fL, 22) = 58.26p < .05]. Under high task load conditions,

introducing visual noise did not significantly change the number of fixations on the system area.
Under low task load conditions introducing visual noise significantly reduced the number of
fixations on static objects (Figure 26). ATCSs spent more time scanning moving objects when
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visual noise was present, but the number of aircraft under control was low. The impact of these
overflight aircraft targets on scanning is less when ATCSs are already busy with more demanding
traffic for which they are responsible.
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Figure 26. Mean number of fixations on static objects as a function of task load and visual noise.

The effects of the introduction of visual noise and the increase of task load on the duration of
fixations on static objects interactde(], 22) = 12.91p < .05]. Under low task load conditions,

the fixation duration was longer when visual noise was absent. Under high task load conditions,
the fixation duration increased with the introduction of visual noise (Figure 27). ATCSs fixated

on fewer objects for longer periods. The visual noise introduced a need to be more selective and
concentrate more.

500
400 T T
300
200
100

O No Visual Noise
M Visual Noise

(ms)

Low Task Load High Task Load
Figure 27. Mean fixation duration on static objects as a function of task load and visual noise.

The mean number of fixations on the tab list showed an interaction between the task load and the
visual noise manipulatiorF[1, 22) = 20.85p < .05]. In the absence of visual noise, increasing

task load led to a reduction of fixations on the tab list. The presence of visual noise reversed this
effect (Figure 28).
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Figure 28. Mean number of fixations on tab list as a function of task load and visual noise.

The mean duration of fixations on the tab list did not change significantly between conditions.
Shorter fixation duration under low task load conditions in the presence of visual noise showed a
trend, but it was not statistically significant (Figure 29).
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Figure 29. Mean fixation duration on tab list as a function of task load and visual noise.

The mean number of fixations on the preview area did not show a significant interaction between
increasing task load and introducing visual noise. An increase in task load led to a significant
[F(1, 22) = 13.70p < .05] reduction of the number of fixations on the preview area (Figure 30).
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Figure 30. Mean number of fixations on preview as a function of task load.

Introducing visual noise led to a significaRi(L, 22) = 26.40p < .05] reduction in the number of
fixations on the preview area (Figure 31).
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Figure 31. Mean number of fixations on preview as a function of visual noise.

Researchers could not study the effects of task load and visual noise manipulation on the number
of fixations on aircraft independently because they interacted significantly

[F(1, 22) = 46.85p < .05]. Under low task load conditions, introducing visual noise did not
significantly change the number of fixations on aircraft. Under high task load conditions,
introducing visual noise reduced the number of fixations on aircraft (Figure 32).
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Figure 32. Mean number of fixations on aircraft as a function of task load and visual noise.

An interaction between task load and visual noise manipulation existed for the fixation duration
[F(1, 22) = 28.22p < .05]. Introducing visual noise under low task load conditions led to a
reduction in the mean duration of fixations. Under high task load conditions, introducing visual
noise resulted in an increase in the mean fixation duration (see Figure 33).
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Figure 33. Mean fixation duration on aircraft as a function of task load and visual noise.
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3.4.4 Intrusions

The scenarios for each participant included six VFR and six IFR intrusions. The researchers
isolated the 5-minute intervals that included an intrusion for the analysis of eye movements. The
study contained 2 (load) x 2 (visual noise) x 2 (replication) scenarios. The analyses compared the
intervals that included intrusions with intervals of the scenario without intrusions that replicated
the conditions. For five of the VFR and IFR intrusions, such an interval existed. For the other
interval, the VFR intrusion coincided with an interval that contained an IFR intrusion in the
replication scenario.

The research team conducted repeated measures ANOVAs on the DVR5 Ad\eel of

significance, there was only an interaction between the effect of the presence of intrusions and the
task load and visual noise conditions for saccade duration (Table L-19). To maintain an alpha
level of .05 with 12 DVs, researchers reduced the adjusted alpha le@é®. At this level, the

effects of conditions and presence of intrusions on eye movements do not interact. There was no
effect of intrusions on any of the general eye movement characteristics (Table L-20). The data
pooling procedures may have washed out any existing effects.

3.4.5 Radarscope Obijects

The researchers tested the significance of the difference between fixation duration on several
radarscope objects using a measure called “object type.” The analysis showed the presence of
higher order interactions (up to the three way interaction between objects, load, and visual noise
[A =.56,F(1, 22) = 3.57p < .05] (Table L-21). The mean fixation duration on radarscope
objects differed significantly for each of the task load and visual noise conditions. The aircraft
fixations have the highest durations with a mean of 655 ms (Figure 34). For a discussion of the
effects of task load manipulation and visual noise on the individual radarscope objects refer to
Section 3.4.3.
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Figure 34. Mean and SD of radar object fixation duration (ms) as a function of task load and
visual noise.

The number of fixations varied significantly between objects. The effects of both increasing task
load and introducing visual noise significantly interacted with the effect of object on the number of
fixations. The emphasis on aircraft representations becomes even clearer when presenting the
time spent on radarscope objects as a percentage of the total time (45 minutes). Compared to the
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time spet on arcraft represetations, the ATCS docaes anedigible anount of time for the
other objeds. ATCSs spent about 55% of the total smulation time on fixating aircraft
represetations. Figure 35 dspaysthe percatageof time sp&t on radarsope objeds. The
figure aesnot dispgay the dda point for arcrat to dlow the readeto comparethe percetages
between objeds other than arcraft.
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Figure 35. Pera# of total smulation time fixated on sdeded radarsgpe objeds.

3.5 Paformance Meastes

The peformance measues usedn the analyses onsistedof conflicts, erors, @mmunicaions,
and task load-related variables. The following sedions will discuss ead of the caegoriesof
variables.

3.5.1 Conflicts

The DR& A module identifiesvariablesin this setion as onflict relatedbasedon IFR. Inthe
simulations, both IFR and VFR drcraft were pesait. The conflict-related variables donot
necessaly reflectthe occurence of operationa errors. The @nflict dda cdculatedon IFR
causedhe DR& A modueto reprt VFR arcrat being in conflict when no conflict existed. This
report contains information about conflict-related variables wth the caveatthat they reflect a
tightnessof control, not necessaly arefledion of operationa errors. The following setions
contain desciptive analysesof the conflict-related variables.

The number of standard terminal conflictsincreased wth an increasen taskload. The pesece
of visud noise $rengthenedthis dfed. The dfectof visud noisereducedhe number of sandard
teminal conflicts underlow taskload, but high taskload reversedthis dfect Figure 36).
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Figure 36. Means and standard deviations for number of standard conflicts as a function of task
load and noise.

Neither load nor noise affected the mean duration of standard conflicts. Under high task load
conditions, noise increased the number of between-sector conflicts. In the absence of visual noise,
task load manipulation increased the number of between-sector conflicts. The presence of visual
noise reduced this effect (Figure 37).
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Figure 37. Mean number of between-sector conflicts as a function of task load and visual noise.

Under low task load conditions, the presence of visual noise did not affect the duration of
between-sector conflicts. Under high task load conditions, visual noise increased the duration of
between-sector conflicts. The manipulation of task load affected the duration of between-sector
conflict when visual noise was absent and present. The presence of visual noise increased the
duration of between-sector conflicts (Figure 38).
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Figure 38. Mean duration of between-sector conflicts as a function of task load and visual noise.
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3.5.2 Separation

Separation-related variables reflect the tightness of control. The analysis includes closest point-
of-approach, the horizontal and vertical separation, and the aircraft-proximity-index.

The repeated MANOVA showed an interaction between the effects of task load and visual noise
manipulation on separation-related variables=[.50, F(4, 19) = 4.72p < .05]. The effect of

visual noise was not present under low task load conditions. Under high task load conditions,
visual noise significantly affected separationg .11, F(4, 19) = 40.20p < .05]. In the absence

of visual noise, there was a small effect of task load manipulation on separation

[A =.59,F(4, 19) = 3.35p< .05,n = .64]. In the presence of visual noise, there was a stronger
effect of task load manipulatio[= .51, F(4, 19) = 4.57p< .05,n = .70].

To maintain an overall alpha level 66 with four DVs, the adjusted alpha for the univariate
analyses i0127. The manipulation of task load had a significant effect on the closest point-of-
approachff(1, 22) = 13.37p < .05] (Figure 39).
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Figure 39. Mean closest-point-of-approach (feet) as a function of task load and visual noise.

Task load significantly decreased the horizontal separdtidn 22) = 13.03p < .05]. Visual
noise did not affect the horizontal separation (see Figure 40).
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Figure 40. Mean horizontal separation as a function of task load and visual noise.

3.5.3 Communications

Communications-related variables included the number of ATCS messages and pilot message
keystrokes. Task load manipulation only affected communicati&{@s 21) = 217.33p < .05].

With only two DVs used in the MANOVA, the adjusted alpha level to be used in subsequent
ANOVAs is .025 to maintain an overall alpha level.05.

35



The number of ATCS messageshewed a gynificant increase Wwh an increaseof taskload
[F(1, 22) = 5410 and F(1, 22) = 10372, both at p < .05] (Figure 41). The presace of visual
noise dd not sgnificantly affectthe number of ATCS messages.
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Figure 41. Mea number of ATCS messages asfanction of taskload and visud noise.

The number of amulation pilot message kestrokes siowed a gnificant increase
[F(1, 22) = 10372, p < .05] with an increasen taskload Figure 42). The presace of visual
noise did not signifi cantly affed the number of simulation pilot message keystrokes.
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Figure 42. Mea number of pilot message Kkestrokes as dunction of taskload and visud noise.

3.5.4 Task Load

The taskloadrelated variables siowedthe dfectof the taskload manipulation. Thesevariables
did not providefurtherinsight in the dfectof the conditionson ATCS peformance ad dd not
undergofurther analysis. Thetaskload réatedvariables dd not go further gatisticd analyss.

4. Discussn

The dscus®on addesseshe represantativenessof the smulations, the dfectof increasng task
load and introdudng visud noiseon workload measuresthe dfectof increasng taskload and
introdudng visud noiseon SA measures, i the dfectof ataskload and visud noiseon eye
movements. Appendix M discusseshe potential for dternative analyses vith the format of the
data as olleded duing the currait expetiment. Appendix N contains reommendations for
modificaionsto dda redution agorithms and future reseait
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4.1 The Repesatativenessof the Scearios

A high level of fidelity of the scenarios allows application of the experimental findingsto an
operationa sdting. Resegchers deggnedrepeseaitative scearios of an adive TRACON. The
TRACON radar display shows aircraft under control or within the filter limits and the raw radar
returns of aircraft outside the filter limits. The ATCSs adknowledged the high fidelity of the
scenarios by positively rating the redism and representativenessof the sc@arios. The Rost-
Scenario Quesionnairesindicatedthat, on average,the sca@arios wee moderately redistic and
represetative of anormal day attheir TRACON. Scearios wereonly moderadely difficult,
which is an indication that the low and high taskload scearios were wé balanced. The
interference of the oculometer waslow athough higher than the interfference of the ATWIT
device.

4.2 TheEffectof Time-on-Task,Task Load, and Visud Noiseon Workload Measures

The dfectof taskload manipulation was $ronger without visud noisethan when visud noise was
preseit. ATCSsrated dl TLX items except peformance higher when taskloadincreased.The
rating for the peformanceitem decreased ith increasng taskload. Although OTS obsewations
showed an interadion between the dfeds of increasng taskload and introdudng visud noise,
they correspnded wdl with ATCSs’own ratings. Thesefindings ae common in sudies usng
sdf-reported workload. Perceed peformance detines athigher levels of workload gven
professona respndents who are trying to accuately gaugetheir acomplishments.

The averageATWIT rating as aunction of time $owedthe dfectof the dructure in the
scanarios usedn this gudy. Thetraffic in these scearios increasedn the first 10minutes and
tapered dwn atthe end of the 45minute sc@arios. Onh averagethe ATWIT ratings rdleded
thistrend. ATCSsratedthe workloadlow in the begnning of the sc@arios, increasng upto the
third 5-minute interval, and decreaisg somewhat atthe end of the sc@arios. nly taskload
affededthe mean ATWIT smres. The high taskload scearios resutedin ahigher peceaved
workload. Msud noisehadno efecton the mean ATWIT ratings. The dfectof taskload
resutedin ahigher maximum ATWIT rating, and the presace of visud noise resliedin an
increased ontrastbetween low and high taskload @nditions.

The dsadrantageof usng post-scenario esimatesof the percéved workload duing a sceario is
that the ATCS hasto rely on memory for the workload acoss a 45minute peiod. To invedigate
if an ATCS remembersthe averageor the maximum workload perceved duing a sceatrio,
reseachers ammputedthe wrrelations between the average ad maximum on-line ATWIT ratings
with the post-scenario TLX items. The TLX item on mental demand showedthe highest
correlation with the arerageATWIT rating, explaining 50%of the variance. The correlation
between the TLX item on mental demand and the meximum ATWIT rating was much smaller and
explained only 25% of the variance. The ATWIT ratings showed atrend similar to the TLX
ratings. The maximum ATWIT rating dspayed an interadion between the dfectof increasng
taskload and introdudng visud noise. The ATWIT device requredthe ATCSto eter a
subjedive workload raing every 5 minutes. The anount of time requred respnding to the
ATWIT device waganinimal asrefleded by the oculometer measuements. O average, ATCSs
spet lessthan 1.5 seonds per Bminute interval fixating on the ATWIT device.
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Oneiteminthe RPost-Scenario Quesionnaire asked antrollersto rate workloadon thatrun. The
effeds of visud noise ad taskload wee not addtive. The presence of visud noiseinfluenced
perceved workload. Thisis a siitle dfed, possbly reatedto the way controllersfilter
information. With visud noise pesent, thefilters ae adive, and the workload cbesnot seen as
intense. When visud noise was peseit, the ATCSs pecavedthat they worked harder under low
task load conditions hut were rot working as herd under high task load conditions.

The smulations used in this experiment included high altitude overfli ghts as visual noise. The
presentation of the visud noise was aloserepicaion of the traffic normally sea over the
airspace. Therefore, ATCSsmay have developed dficient filtering medchanisms to dstinguish
between arcraft within and outsidetheir arspace. Dring the ste visitsto the TRACON, ATCSs
indicatedthat they filteredout the represetations of high dtitude arcrat. InaTRACON level 3
airspace, ¥R darcraft may enter the arspacerepreseited on the radasmpein an identicd fasion
asthe high dtitude arcrait. When askedhow they distinguished between VFR arcraft within the
airspace ad the high dtitude arcraft, ATCSsresmpndedthat they compare speedsThisindicaes
that cntrollers doobseave the high dtitude arcraft. 1f that wee the casethe pesence of visual
noise would increasehe damand on cognitive regurces. The workload measures used the
current experiment do not support this. Thereisno reportedincreasen workload with the
introduction of visual noise. This filtering is undoubtedly a subattentive cognitive process that
experienced controllers develop so that they can meke optimal use of limited attentional
resources.

4.3 TheEffectof Increasng Task Load and Visud Noiseon Stuaion Awareness Measies

When taskloadincreasedATCSs pecavedthattheir SA deaeased.Thisistruefor general SA,
SA for current and projeded arcrdat locations, axd SA for potential conflicts. Introdudng visual
noiseincreasedhe peceved SA for potential conflicts dightly but sgnificantly. These ae
controllers percepions that may not accuraely reflect what they have capuredin working
memory.

How well does this correspond with the OTS rater’s observations? The OTS wter did not
obsave an efectof introdudng visud noiseon ATCSs’ SA. The OT'Srater obsavedthat
maintaining awaenessof arcraft position waslower under high taskload. The OTSrater’s
obseavation correspnded wdl with ATCSs’own percegion of an SA deaeasdor curent and
projeded aircraft positions. The OTS rater observed adeaeased ability to deted pilot deviations,
to correcttheir own errors, and to maintain sepaation. Theseobseavations correspnded wél
with ATCSs’own pacegion of deceased & for potential conflicts. The factthatthe OTS rater
was awee that the visud noise dd not interfere with air traffic in the setor may explain why the
ATCSs’own pacegion of aheightened awaenessfor potential conflicts with introdudng visual
noise dd not sufacein the OT Srater’s obseavations.

Asking even an experiencedATCSto egimate the SA of someone dseis adnittedy askng alot.
Obsewrer expedations and biaseshave to play a mle. These dea are suggeéive, atbed. Only the
operding controllers redly knows what they arethinking, and experience and other fadorsfilter
even that.
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In the presence of visud noise,the radasmpe ®ntains many more arcraft representations than
without visud noise. In the field, the radasmpe @ntains the visud noise as wik. The task
environment with visud noiseis doserto ATCSredity than one without it. The processng
strategies used by ATCSs to separate aircraft may include or even depend, to some extent, on the
presence of the high dtitude arcraft represeantations. ATCSs ae expertsin the taskthey perform.
Expertiseis very suscefible to amall changesin the task evironment. The paticipantsin this
study were adive ATCSsfor many yeas. For them, the ésence of visud noisemay be more out
of the ordinary than the stuation with visud noise aad could explain the ATCSs’ percepon of a
better awaenessfor potential conflicts.

4.4 TheEffectof Task Load and Visud Noiseon Eye Movements

ATCSs are supeisory controllers,thatis, they indiredly act umn the equpment thatis under
their control. Rlots ae, in thisrespet, the human aduaors that implement the ATCS
instructions. Gmpared with operators of other equpment, the ATCSshave addtional
challenges. The objeds on their dispgay, unlike other operational environments, ae not sationary
but move acossthe radasmpe. The locaion of the radarreturn represeits the arcraft position
atone point in time in the arspace, iad the rdative movement and history trails represet the
headng of the arcrat. The dda block itsdf contains four addtional variables: arcraft cal sgn,
dtitude, speed,ral modd. ATCSs sanple thesevariables ontinuoudy to updae their
underganding of the currett state of the arspace.

The visud system usedixations to retrieve information. During saccadeshe visud system
movesthe g/esbut doesnot retrieve addtional information. The paticipants spat 78%of the
timeinfixations. Rese&hers cdculatedtwo pacentages desaing fixations broken down by
scane dane: the percatageof the total time and the percetageof the fixation time. The total
timeisthe acud time available in a 5minute interval (i.e., 300 seonds). The fixation timeisthe
total time spat in fixations (.e., on average, 235 seods). The percetageof the fixation timeis
a good indication of the dstribution of information retrieval acossthe sc@e danes. The average
duration of fixations issimilar to those reported elsewhere (Fitts, Jones, & Milton, 1950 Stein,
1992). Average saccade dui@ns are omparale to other ources as wie Gven these dea, the
eyes aremoving and not picking up any viable information 22% of the total time.

The literaure sugges that longerfixation duraions are duéo the piocessng time necessarfor
interpretation of the information presented within the field of view and the programming time
necessarto plan the next saccade. Cafd interpreation of the currait resuts sugges that
ATCSs peiormed more aognitive piocessng duiing fixations on the ATWIT device and the
radarsopethan on the keyboard area lad flight strip bay. When the ATWIT device pomptedthe
ATCSto rate the curent workload, it seenedto requre considerable agnitive processng to
interpretthe 10-int scde and comparethe curret workloadto that scée. Altematively, the
ATWIT deviceis both a dspay and an input device. hce ATCSs déemine the perceved
workloadlevel, they enter that level by touching the number on the ATWIT device. The fixations
to gudethe hand to the @rrectnumber on the device may be qutelong. Resegchersinterpreted
the longer fixation durations on the radarscope and aircraft in a similar fashion. Considerably
more cgnitive piocessng takes pace duing fixations on arcraft than on any other radarsepe
objed. The fixation durdionson arcraft correspnd wel with duraions found on cockpit

39



instruments (Fitts et al., 1950), meter monitoring (Senders, Elkind, Grignetti & Smallwood, 1964)
and radar watching (Moray, Neil, & Brophy, 1983) (see Figure 43). The relatively low mean
fixation duration on TRACON radar in the study by Stein (1992) may be because the researchers
made no distinction between objects at which the ATCSs looked. In this study, the fixations on
aircraft had by far the longest durations. Inclusion of other objects and scene planes would
drastically reduce the average duration of the fixations.

When divided by scene plane, a difference in fixation durations was apparent. Fixations on the
radarscope average 620 ms and wanéas in duration for fixations on the ATWIT device. The
number of fixations on the ATWIT device was very few, as expected. Fixations on the flight strip
bay and the keyboard area were much shorter in durations (320 and 450 ms, respectively).

The human visual system only acquires information during fixations. ATCSs spent 75% of the
total fixation time on the radarscope and 69% of the fixation time on aircraft representations.
ATCSs tend to focus on aircraft rather than static objects such as airports, VORs, and
intersections. The effects of increasing task load and introducing visual noise and the number of
fixations on the radarscope interacted. For high task load conditions, the number of fixations on
the radarscope was lower than for low task load conditions. Introducing visual noise changed the
number of fixations on the radarscope. The total number of fixations did not change significantly.
The reduction in the number of fixations on the radarscope resulted in an increase in fixations on
other scene planes. The finding of decreased fixations on the radarscope when increasing task
load is contrary to the idea that human observers would fill in redundant fixations with a reduction
of the number of targets. If a difference would occur, one pointing towards an increase in
fixations would have been more plausible. Under high task load, this situation presents an ATCS
with more potential targets.
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Figure 43. Means and SDs of fixation duration in other studies.

Researchers postulate that the reduction in fixations on the radarscope resulted from ATCSs
spending more time on flight strip maintenance under high task load conditions. In a TRACON
environment, ATCSs move active flight progress strips to the console and create new flight
progress strips for incoming VFR aircraft. The data suggest that increasing task load diverts
some of the ATCS'’s attention to these tasks resulting in fewer fixations on the radarscope.
Indeed, for high task load conditions in the presence of visual noise, both the number of fixations
on the flight strip bay and the number on the keyboard area increased. The fixation duration of
fixations on the flight strip bay decreases as a result of an increase in task load.

At the most detailed level, this study distinguished between fixations on objects on the

radarscope. The average duration of fixations on aircraft stood out markedly with 660 ms. This

is a relatively long fixation allowing less than two stops per second to gather information. It
suggests considerable cognitive processing by the ATCS. To provide a baseline for comparison,
people in everyday activities probably scan 3 to 5 times per second. Other objects on the radar
display had fixations that ranged on average from 30 ms to 400 ms. The number of fixations on
the preview area decreased with an increase in task load. With higher task load demands, the
ATCS spends less time verifying the correctness of the data entered through the keyboard,
although the keyboard data indicate that ATCSs type in more information under high task load
conditions. ATCSs seem to become more tactical and less strategic as time demands impinge due
to higher task load. The visual scanning data appear to document what was anecdotal in the past.
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On average, the number of fixations on the radarscope is about 1 per second. With an update rate
of the radar of 4.5 seconds, that allows a controller to scan the present situation in four fixations.
Unless the controller has found a way to get around working memory limitations, this would not
allow him to keep the “picture” up to date. Even if the only thing that changes is the aircraft
position, this will introduce uncertainty into the controller's awareness of the current state of the
system. In a TRACON environment, many aircraft are on a climbing or descending course, which
increases the level of uncertainty the controller must take into account when making decisions.

All this becomes even more remarkable when we take into account Moray's comment on

forgetting (Moray et al., 1983). He suggests that forgetting sampled material stored in working
memory takes place after 12 to 15 seconds. Therefore, if the controller uses working memory, by
the time the controller has updated the current state of, at most, 12 aircraft, his uncertainty
increases, not only because of the change in the state of the aircraft but because of memory decay
as well.

The approach used in this study to analyze the effects of intrusions compared 5-minute intervals
between replication scenarios. For each task load/visual noise combination, two simulations
existed. The analysis consisted of a comparison of eye movement characteristics between a 5-
minute interval that contained an intrusion with that same interval in the simulation that replicated
the task load/visual noise combination. The analysis of the general eye movement characteristics
did not show an effect of intrusions. Several explanations of the lack of eye movement
characteristic changes exist. First, the approach of using 5-minute intervals may be a window of
time that is too wide to detect an effect of an intruder. Alternative analysis methods may be
necessary to detect short-term (less than 5 minutes) effects of intruders on general eye movement
characteristics. Second, the current approach assumes that the intruder detection takes place at
the time the aircraft first becomes an intruder. The current study did not include a procedure to
track actual intruder detection times. Comments by ATCSs suggest there are more than 5
minutes between the introduction of an intruder and the time of actual detection. Some of the
ATCSs exclaimed “where did he come from!” after an aircraft flew through Class C airspace and
subsequently was on its way out of the airspace. This can result in the effect of intruder detection
to occur in a 5-minute interval other than the one where the intrusion initially occurred. Finally,

the research team went out of its way to present the ATCSs with a simulated airspace closely
resembling their actual airspace. The VFR aircraft that entered Class C airspace as intruders
represented business as usual. If the ATCS should see business as usual, one would not expect a
change in general eye movements. Also, ATCSs are experts in the sense that they have developed
highly automated cognitive processes to digest large amounts of data. The cognitive part of the
visual system in case of highly automated processes can drive perception. This would lead the
ATCS to not see or perceive unexpected items or situations. The IFR intrusions in the current
study “fell” into Class C airspace, an event that occurs very infrequently. The visual system’s
automaticity may prevent the ATCS from noticing the anomaly, resulting in general eye
movements that do not show an effect of the introduction of Class C incursions.

Although the analysis of intervals that contained incursions into Class C airspace did not reveal a
difference in eye movement characteristics, the comments by the OTS rater clearly showed that
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some of the controllers dd not detectone or both of the Aass C aspaceviolations. This was
espedly frequent for scenarios with high taskload and visud noise @nditions. The OTS rater
indicatedthat underbasdine condition (i.e., low taskload, no visud noise) preset, 90%of the
controllers observed both intruders. Under worst case conditions (i.e., high task load, visual noise
preset) only 20%of the cntrollersindicated that they had obsewved both intruders.

5. Concludons

Increasng taskloadledto alarger aea ®vered perfixation, a deceasechumber of fixations on
the radasaope, and more fixations on the flight strip bay. The dfeds of taskload and visual
noiseon ATCSsvisud scaining charaderistics ae often complex. When taskload and visual
noise donot interad, they sometimes poduce adive dfeds.

Scanning behavior is much more complex than solely looking at information displays.
Environmental context has a dticd impad. PastATC experiencelikely influencesATCS
dedsion rules on how and where to apportion the limited attentional resources and will temper the
visual scanning strategies.

Visud noise and taskload dfectfixations relatedto radascope objeds and scee danesmore
than general eye movements. It seensthat arelevant metric to capure visud scaaning
charaderistics $ould relate /e movements to operationaly relevant information.

This reseatt provides greter utnderganding of how ATCSs use curre information dispays.
The reseach reslits have tential for increasng future ATCS dficiency through improved
display technology or application of new training techniques.
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ANOVA
AP
ASL
ATC
ATCS
ATWIT
DR&A
DV
EOS2
ER2
ER4
FAA
FPL
IFR
ILS

v

LED
LOA
MANOVA
MHT
NASA
OTS
POG
RDHFL
SA

SD
SME
SOP
SWAT
TLX
TRACON
VFR
VOR

Acronyms

Analysis of Variance

Aircraft Proximity Index
Applied Science Laboratories
Air Traffic Control

Air Traffic Control Spedalist
Air Traffic Workload Input Technique
Data Reduton & Analysis
Dependent Variable

Experiment Observation Room 2
Experiment Room 2

Experiment Room 4

Federal Aviation Administration
Full Performance Level
Instrument Flight Rules
Instrument Landing System
Independent Variable

Light Emitting Diode

Letter of Agreament

Multiple Analysis of Variance
Magnetic HeadTracker

National Aeronauicad and SpaceAdministration

Over-the-Shoulder
Point of Gaz

Rese&ch Development and Human Fadors L&boratory

Situaion Awareness

Standard Deiation

Subject Mdter Expert
Standard Operang Piocedure

Subjedive Workload Assessent Technique

Task Load Index

Temina RadarApproadc Control
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Appendix A
Equipment Description

Console Configuration

The experiment consisted of one ATCS station equipped with a radarscope, full flight strip bay,
an ARTS lll keyboard, and a trackball. The radarscope ran on a 2,000 by 2,000 pixel video
display unit.

Simulation Pilot Terminal Configuration

A network permitted chaining of two simulation operator displays. Researchers saved all data
into a directory named uniquely for each ATCS (ATCS code, data source, and scenario run).

Each simulation pilot station, configured for the simulation pilots, allowed entry of simulation
pilot and ghost ATCS commands. A secondary radar representation allowed the readback
position to track aircraft. The terminals located in ER2 were sound proofed from ERA4.

Video Camera and Video Tape Configuration

Researchers taped the video images of both the ATCS and a replication of the Plan View Display.
The ATCS position and flight strip bay were video taped using a low light, black and white
camera. The video monitors in EOS2 provided a video display of all experiment rooms and
computer screens to the experimenter.

Communications Configuration

Researchers set up communication links between the ATCS, OTS observer, simulation pilots, and
experimenters. The equipment monitored communications and recorded times and frequencies
for subsequent submission to the Data Reduction and Analysis (DR&A) module.

Oculometer

The ASL eye tracking system consists of a headband with a camera, optics system, a visor, a
scene camera assembly, a camera control unit, an eye tracking system control unit, a personal
computer with interface cards, and software.

Headband Assembly

The headband assembly is an adjustable headband with an optics module and a clear plastic visor
plate. The optics module contains an eye camera and illuminator. The illuminator creates a near
infrared beam. The researchers aim one part of the beam at the left half of the visor mounted in
front of the viewer’s eye. The left half of the visor has a coating that is very reflective in the near
infrared range and transmissive in the visible spectrum. The visor deflects the beam into the left
eye of the viewer, illuminating the viewepapil and cornea. An eye camera connected to a

camera control unit collects the image reflected by the visor. The scene camera provides a
reference frame for line of gaze positioning. This camera mounts either on the headband or on a
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stationary object. The control unit feeds the outgoing signal of both the eye and scene cameras
into the eye tracker control unit.

Safety

The safe level of an oculometer Light Emitting Diode (LED) is 10 m\W/cASL (Borah, May

1996, personal communication) testing found that the highest radiance level that the LED delivers
to the plane of the eye is 0.8 mW/cntunder normal conditions, ASL estimates the LED

radiance level to be between 0.1 and 0.3 m\&/emmore than a factor of 30 lower than the safe
level (J. Borah, personal communication, March 11, 1996).

Eye Tracker Control Unit

The eye tracker control unit (Series 4000) houses an electronics unit, three video monitors, a
control and connector panel, and power supplies. The control unit, through an interface with a
PC, uses the eye tracker signal to gain the elements of interest, i.e., the pupil and corneal
reflection outlines of the viewer's eye. The unit translates the data into pupil diameter and line of
gaze information then stores the data into data files. One of the control unit monitors displays the
pupil and corneal reflection outlines while another camera displays the image from the scene
camera.

Hardware

A Magnetic Head Tracker (MHT) provided head position and orientation determined in six
degrees of freedom. This option allows for the integration of eye and head position to determine
the POG of the user in world coordinates. The MHT hardware is an Ascension Technology
magnetic tracking system that consists of a control box and a source and sensor module. The
source module transmits a magnetic field picked up by the sensor module mounted on the
headband.
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Appendix B

Detailed Flight Plans



Scenario 1

IRG

07:30 - Do

not call in

N3907N

Cesna 172
(C172)

Type: Call in Time:|Initial Aircraft Call Beacon |Aircraft Altitude |Altitude Speed Flight Plan
Departure [Includes Controlling |Sign Code |Type (Initial)  |(Requested)
Arrival VFR Sector
Overflight |Callin Time |(S = ACY;
C = Wash.
V = VFR)
Departure | 00:10 S Carnival 5008 | 0714 B737 020 310 ACY/13 LEEAH SMYRNA DUPONT ./. HARRISBJ
(00:20)
Arrival 02:45 C Carnival 5347 | 6412 B737 070 250 BALTIMORE ./. SWANN SMYRNA
LEEAH ACY
Arrival 05:00 C Spirit Wings  |6334 DC9 080 250 BOSTON ./. MANTA DRIFT HARBO BRIGS ACY
192
Departure | 07:15 S USA1552 1574 B73F 020 300 ACY/13 LEEAH WATERLOO SALISBURY ./.
(07:30) NORFOLK

BADER CEDAR LAKE WOODSTOWN
DUPONT BUCKS ./. WILLOW GROVE AIRBASE

Departure at 1200 feetVv N1671G 0104 Bonanza 36012 055 WWD/13 SEA ISLE AVALO BRIGS MANTA ./
(10:10) (BE36) EAST HAMPTON AIRPORT
Arrival 12:30 C Jetlink 3761 3323 AT42 040 240 |JFK./. COYLE HOWIE ACY
Overflight |15:00 C Deuce 40 3275 DC10 050 250 ANDREWS ./. GARED SMYRNA CEDAR LAKE
COYLE ./. WRI
Overflight |17:30 C Deuce 41 3175 DC10 050 250 ANDREWS ./. GARED SMYRNA CEDAR LAKE

COYLE ./. WRI

18:10 N845MG 0747 King Air 170 210 BALTIMORE ./. AGARD DONIL ACY PANZE
(IFR Bust) 90 (BE9O) ZIGGI ./. JFK
Do Not Call
In

Departure | 19:30 S Viscount Air {7051 B737 020 350 ACY/13 LEEAH SMYRNA DUPONT ./.
(19:55) 3502 HARRISBURG

Overflight |22:30 Y N4771E 0101 MARK 20 [045 130 PHILLY ./. WOODSTOWN

(MO20) SEA ISLE SNOW HILL ./. NORFOLK

Arrival 25:00 \Y N98786 0100 C172 045 110 JFK ./. COYLE HOWIE ACY

Departure | 27:15 S Viscount Air  |2544 B737 020 310 ACY/13 LEEAH WATERLOO SALISBURY ./.
(27:30) 8804 NORFOLK
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Type: Call in Time:|Initial Aircraft Call Beacon |Aircraft Altitude |Altitude Speed Flight Plan
Departure [Includes Controlling |Sign Code |Type (Initial)  |(Requested)
Arrival VFR Sector
Overflight |Callin Time |(S = ACY;
C = Wash.
V = VFR)
Overflight |[30:00 Vv N66874 0103 |PA31 055 180 NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
COYLE DIXIE ./.JFK
Overflight [32:30 Vv N8014K 0105 |Bonanza 36065 150 JFK ./. COYLE LEEAH WATERLOO SALISBURY .
(BE36) NORFOLK
Departure |34:45 S (V) N1171M 0736 |Bonanza 36020 065 ACY/13 LEEAH SMYRNA DUPONT ./.
(VFR) (35:00) (BE36) HARRISBURG
Overflight |37:30 \Y N8014T 0106 [C172 045 110 JFK ./. DIXIE COYLE LEEAH CEDAR LAKE
WATERLOO SALISBURY ./. NORFOLK
Arrival 40:00 S Air Shuttle 526¢ 3060 | e&ch 02 |050 200 PHILA ./. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Arrival 42:30 C Spirit Wings {3351 DC9 070 250 NORFOLK ./. SALISBURY WATERLOO SEA ISLE
544 ACY
Arrival 45:00 C Chatagua 906 | 2436 SF34 080 250 EAST HAMPTON ./. MANTA DRIFT HARBO BRIGS
ACY
Arrival 47:30 C Spirit Wings {2115 DC9 050 250 PHILLY ./. WOODSTOWN CEDAR LAKE ACY
205
Scenario 2
Type: CallinTime: | Initial Aircraft Call Beacon | Aircraft Alitude | Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Arrivel VFRCallin | Sector
Overfiight Time (S=ACY;
C=Wash.
V=VFR)
Departure | 00:45 S Air Shuttle | 0503 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
5373
Departure | 02:45 S Spirit Wings | 2135 DC9 350 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg
540
Arrival 07:32 C RYN 451 7070 B737 080 230 Norfolk ./. Sallbury Waterloo Sea Isle Atlantic City
Departure | 08:45 S UCA 572 5636 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
Overflight | 09:48 C N1075C 0544 MO20 070 230 Harrisburg ./.Smyrna Cedar Lake Coyle ./. JFK
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ity

Chatagua 10J

Type: CallinTime: | Initial Aircraft Call Beacon | Aircraft Alitude | Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Arrivel VFRCallin | Sector
Overfiight Time (S=ACY;

C=Wash.

V=VFR)
Departure | 12:45 S Spirit Wings | 2145 DC9 310 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg

224

Arrival 13:50 \Y; N62980 0107 PA31 065 180 Norfolk ./. Salesbury Waterloo Sea Isle Atlantic C
Overflight | 14:10 \Y N999PL 0113 BE36 065 160 JFK ./. Coyle LEEAH Waterloo Salesbury ./. No
Arrival 15:45 \Y; N8220W 0112 PA32 065 180 Norfolk ./. Salesbury Waterloo Sea Isle Atlantic C
Overflight | 16:00 Y, N6924C 0110 PA32 065 180 JFK ./. Coyle Cedar Lake Smyrna Salesbury ./.

Norfolk
JFK ./. Coyle HOWIE TUBER LEEAH DONIL

=

Overflight | 17:20 C N8036V 1077 BE36 060 160 JFK ./. Coyle LEEAH Waterloo Salesbury

Arrival 17:34 C N69ZR 0260 BEO2 050 180 OTT ./. AGARD Woodstown Cedar Laktan#ic City

Departure | 17:45 S Viscount Air | 7051 B737 310 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg
3502

Overflight | 18:47 C N7709R 3321 BE36 060 160 JFK ./. Coyle LEEAH Waterlabsi®iry ./. Norfolk

Arrival 20:20 \Y N3025V 0103 BEQ2 055 180 AGARD Woodstown Cedar Lakkanic City

Arrival 21:07 C N109YV 2410 BEO2 050 180 OTT ./. Woodstown Cedar Lake Atlantic City

Overflight | 24:00 V N201BT 0101 MO20 065 210 JFK ./. Coyle LEEAH Smyrna Salesbury ./. Norfol

Arrival 24:10 C N65253 7044 BEO2 040 180 JFK ./. Coyle Cedar LaKan#ic City

Departure | 24:45 S RYN 446 7477 B737 350 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg

olk

27:00 Do N43713 AlY/11 Bader Field Atlantic CityPANZE Robinsvlle
not call in .. Trenton
Arrival 27:30 )Y N4348F 0105 PA28 065 180 JFK ./. Coyle Cedar Laltntic City
Departure | 28:45 \Y N4213T 0104 PA28 045 ACY/13 LEEAH Smyrna Salesbury ./. Norfolk
Arrival 29:06 C RYN 404 7436 B737 080 230 Norfolk ./. Salesbury Smyrna Sea Isle Atlantic Ci
Overflight | 29:30 V N43790 0106 PA28 065 180 JFK ./. Coyle Cedar Lake Smyrna ./. Harrisburg
Overflight | 30:40 V N236WH 0102 BE36 065 180 JFK ./. Coyle LEEAH Waterloo Salesbury ./. Nor
Departure | 32:48 S Air Shuttle | 1701 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
5256
Arrival 33:36 C N65371 1711 BEO2 050 180 Harrisburg ./. Woodstown Cedar Lake Atlantic Cit
Departure | 35:45 S N1911L 4765 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
Overflight | 36:00 \Y N7788H 0111 BE36 075 180 Norfolk ./. Salesbury Waterloo LEEAH Coyle ./. ]
Arrival 36:10 )Y N14KC 0115 PA28 065 180 JFK ./. Coyle LEEAHIghktic City

FK
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Type: CallinTime: | Initial Aircraft Call Beacon | Aircraft Alitude | Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Arrivel VFRCallin | Sector
Overfiight Time (S=ACY;
C=Wash.
V=VFR)
Departure | 36:48 S Air Shuttle | 0563 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
5252
Overflight | 38:28 C N8014T 1032 BE36 070 180 Norfolk ./. Salesbury Waterloo LEEAH Coyle ./. JFK
Scenario 3
Type: CallinTime: | Initial Aircraft Call Beacon | Arcraft Alitude | Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Arrivel VFRCallin | Sector
Overfiight Time (S=ACY;
C=Wash.
V=VFR)
Departure | 00:45 S Spirit Wings| 3351 DC9 310 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg
544
Departure | 02:15 S Jetlink 3727| 0576 AT42 040 ACY/13 Cedar Lake Woodstown Philadelphia
Departure | 06:15 S N38253 1013 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
Arrival 08:10 C Spirit Wings | 7627 DC9 080 230 Islip ./. PANZE thantic City
322

Overflight | 10:00 C N1831D 4506 BE36 060 180 JFK ./. Coyle LEEAH Waterlabsi8ury ./. Norfolk

10:30 Do N7032A AlY/11 Bader Field Atlantic City Cedar Lake

Not Call In. Woodstown Dupont ./. Harrisburg
Arrival 13:20 C N42251 3375 BEO2 080 180 OTT ./. AGARD Woodstown Cedar Lakantic City
Arrival 14:00 \Y; N1732 0103 BE36 055 180 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic Cily
Arrival 15:40 C N62552 6505 BEO2 080 180 Phila. ./. Woodstown Cedar Lake Atlantic City
Overflight | 18:40 V N2061A 0127 BE36 065 180 JFK ./. Coyle LEEAH WaterladisBury ./. Norfolk
Overflight | 18:40 C N2089L 7730 BE36 060 180 JFK ./. Coyle LEEAH WaterlatisBury ./. Norfolk
Departure | 19:15 S Air Shuttle | 7044 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia

5259

Popup 24:30 Do |S N3416Y 0106 C172 030 MIV/10 Millvile LEEAH Waterloo Salisbury ./.
(VFR) Not Call In Norfolk
Arrival 26:10 C N65237 7006 BEO2 080 180 Phila ./. Woodstown Cedar Lake Atlantic City
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Type: CallinTime: | Initial Aircraft Call Beacon | Arcraft Alitude | Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Arrivel VFRCallin | Sector
Overfiight Time (S=ACY;

C=Wash.

V=VFR)
Overflight | 29:00 \Y N1835F 0113 BE36 065 160 JFK ./. Coyle LEEAH WaterladisBury ./. Norfolk
Overflight | 29:10 C N2610B 0105 BE36 055 180 Norfolk ./. Salisbury Smyrna Cedar Lake Coyle .
Arrival 29:30 C N65271 7057 BEO2 080 180 Phila ./. Woodstown Cedar Lake Atlantic City
Departure | 30:15 S Jetlink 3721| 5663 AT42 050 ACY/RANZE Robinsvlle ./. Trenton
Overflight | 33:40 C N326J 5709 BE58 060 160 JFK ./. Coyle LEEAH Waterlabsl®iry ./. Norfolk
Arrival 34:00 C Air Shuttle | 7053 BEO2 080 180 Phila ./. Woodstown Cedar Lake Atlantic City

5388
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Scenario 4

Type: Callin Time: Initial Aircraft Call Beacon |Aircraft Altitude Altitude Speed Hight Plan
Departure  |Indudes Controling Sector Sign Code |Type (Initial) (Requested)
Arrival VFRCallin Time | (S=ACY,;
Overfiight C=Wash.
V=VFR)
Departure | 00:10 S Jetlink 9506 3025 | AT42 020 050 ACY/1BANZE DIXIE ROBINSVILLE ./. TRENTON
(00:25)
Departure | at 1200 feet |V N1672G 0100 | Bonanza 36012 055 WWD/13 SEA ISLE AVALO BRIGS MANTA ./. EAST
(01:16) (BE 36) HAMPTON
Departure | at 1200 feet |V N52407 0101 | Cesna 172|010 045 MIV/10 SMYRNA SWANN ./. BALTIMORE
(02:24) (C172)
Arrival 03:36 C RYN446 5477 | B737 070 250, BALITMORE ./. SWANN SMYRNA SEA ISLE ACY
Departure |04:20 S (V) N7872E 0566 | Bonanza 36020 065 ACY/13 LEEAH SMYRNA DUPONT ./. HARRISBURG
(VFR) (04:35) (BE 36)
Arrival 06:00 C Spirit Wings 175 3664| DC9 070 250 BALTIMORE ./. SWANN SMYRNA SEA ISLE ACY
Overflight |07:12 C N78MM 2765 | Learjet 25 |060 210 | EAST HAMPTON ./. MANTA DRIFT HARBO SEA ISLE
(LR 25) SNOW HILL ./. NORFOLK
Arrival 08:24 C RYN456 3677 | B737 070 250 BALITMORE ./. SWANN SMYRNA SEA ISLE ACY
Departure | 09:15 S Spirit Wings 318 3647 | DC9 020 350 ACY/13 LEEAH WATERLOO SALISBURY ./. NORFOLK
(09:31)
10:45 (Do Not N5810F 0102 MO20 150 MIV HOWIE COYLE DIXIE ./. JFK
(oF:1]))
Overflight | 12:00 C Spirit Wings 225 3637 DC9 070 250 NORFOLK ./. SALISBURY WATERLOO DIXIE
ROBINSVILLE ./. TRENTON
Arrival 13:12 C Jetlink 3421 2627 AT42 040 230JFK ./. DIXIE COYLE HOWIE ACY
Overflight | 14:24 \Y N7517T 0103 | Bonanza 3®55 155 | NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE 36) COYLE DIXIE ./. JFK
Arrival 15:36 C N84577 4701 | King Air 90,070 210 | NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY]
(BE90)
Arrival 16:48 C Air Shuttle 5371| 1711| d&ch 02 |050 200 | PHILLY ./. DUPONT WOODSTOWN CEDAR LAKE ACY
(BEO2)
Overflight | 18:00 \Y N5217G 0104 | Centurion |D45 160 | JFK./. DIXIE COYLE LEEAH WATERLOO SALISBURY
(C210) /. NORFOLK
Arrival 19:12 C ROCK70 1561 | C130 080 220 JFK./.. CAMRN KARRS PANZE ACY
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Type: Callin Time: Initial Aircraft Call Beacon | Aircraft Altitude Altitude Speed Hight Plan
Departure  |Indudes Controling Sector Sign Code |Type (Initial) (Requested)
Arrival VFRCallin Time | (S=ACY,;
Overfiight C=Wash.
V=VFR)
Departure | 20:08 S BATONO8 1573 | C130 020 050 ACY/13 PANZE DIXIE ROBINSVILLE YARDLY
(20:20)
Arrival 21:36 C Air Shuttle 5276| 3177 d&ch 02 |050 200 | PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Arrival 22:48 \Y N3073W 0105 | Lance 075 auto- 150 | NORFOLK ./. SALISBURY WATERLOO SEA ISLE ACY
(PA32) descends
to 055
Arrival 25:12 C Air Shuttle 5299| 3065| d&ch 02 |030 200 | BALTIMORE ./. SWANN SMYRNA LEEAH ACY
(BEO2)
Departure |25:55 S (V) N2183M 0544 | Bonanza 36020 065 ACY/13 LEEAH WATERLOO SALISBURY ./. NORFLOK
(VFR) (26:10) (BE 36)

26:30 (Do Not

Call)

N3334l

Bonanza 36
(BE 36)

JFK ./. COYLE LEEAH WATERLOO SALISBURY ./.
NORFOLK

Overflight 27:36 \Y N2171T 0107 | Bonanza 3®75 auto- 150 | NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE JFK
to 055
Overflight |28:48 \Y N9557Z 0110 | Bonanza 3®65 150 | JFK./. DIXIE COYLE LEEAH WATERLOO SALISBUR
(BE 36) /. NORFOLK
Departure | at 1200 feet [V N8220X 0112 | Lance 010 045 MIV/10 LEEAH WATERLOO SALISBURY ./. NORFOLK
(30:00) (PA32)
Overflight [31:20 \Y N1831S 0113| Bonanza 3®75 auto- 150 | NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE JFK
to 055
Overflight |32:24 C N67414 1645| Bonanza 3660 auto- 150 |JFK./. DIXIE COYLE LEEAH WATERLOO SALISBURY,
(BE 36) descends /. NORFOLK
to 040
Departure | 33:15 S COM8812 4612 | CL44 020 260, ACY/13 LEEAH GARED ./. NOTTINGHAM
(33:30)
Arrival 34:48 C Air Shuttle 5294| 0530| d&ch 02 |050 200 | PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Overflight | 36:00 \Y N7616J 0114| Bonanza 3®75 auto- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE

(BE 36)

descends
to 055
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\CY

Type: Callin Time: Initial Aircraft Call Beacon | Aircraft Altitude Altitude Speed Hight Plan
Departure  |Indudes Controling Sector Sign Code |Type (Initial) (Requested)
Arrival VFRCallin Time | (S=ACY,;
Overfiight C=Wash.
V=VFR)
Arrival 37:12 C Spirit Wings 192 6334| DC9 080 250 EAST HAMPTON ./. MANTA DRIFT HARBO BRIGS 4
Overflight |38:24 \Y N8036W 0115 | Bonanza 3®75 auto- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE JFK
to 055
Overflight | 39:36 \Y N7148W 0116 | Bonanza 3®65 150 | JFK./. DIXIE COYLE LEEAH WATERLOO
(BE 36) NOTTINGHAM
Overflight |40:48 \Y N2089F 0117 | Bonanza 3®75 auto- 150 |NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE 36) descends DIXIE ROBINSVILLE ./. TRENTON
to 055
Departure | 41:40 S EGJ11 4611 | FK27 020 140 ACY/13 LEEAH DONIL GARED ./. NOTTINGHAM
(41:55)
Arrival 43:12 C N78GM 2265 | Learjet 25 (080 210 | JFK./. MANTA DRIFT HARBO BRIGS ACY
(LR 25)
Departure | at 1200 feet |V N7520Z 0120 | Cardinal 17[D10 045 MIV/13 HOWIE COYLE DIXIE ./. JFK
(44:30) (C177)
Arrival 45:36 C Air Shuttle 5296| 3577| d&ch 02 |050 180 | BALTIMORE ./. SWANN SMYRNA LEEAH ACY
(BEO2)
Departure | 46:43 C Viscount Air  |6541 | B737 020 350 ACY/13 LEEAH SYMRNA DUPONT ./. HARRISBURG
8310
Overflight |48:00 C N3268M 2705| Bonanza 3®40 140 JFK ./. DIXIE COYLE LEEAH WATERLOO ./.
(BE 36) NOTTINGHAM
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Scenario 5

LY

Type: Callin Time: Initial Aircraft Call Beacon|Aircratt Altitude Altitude Speed Hight Plan
Departure Includes Controling SectqrSign Code |Type (Initial) (Requested]
Arrival VFRCallin Time| (S=ACY,;
Overfiight C=Wash.
V=VFR)
Departure 00:10 S VVLV128 7336 | P3 020 050 ACY/13 PANZE ZIGGI DIXIE ./. TRENTON
(00:20)
Arrival 05:00 C Spirit Wings 191 7376] DC9 080 250 BOSTON./. MANTA DRIFT HARBO BRIGS ACY
Overflight 07:30 C N5577J 0552 Baron 58 |070 180 | BALTIMORE ./. AGARD DONIL SEA ISLE HARBO
(BE58) MANTA ./.
EAST HAMPTON
Arrival 10:00 C Spirit Wings 313 2670] DC9 070 250 NORFOLK ./. SALISBURY WATERLOO SEAISLE A(
Overflight 12:30 S N18400 3452 Duke 60 (060 180 | ISLIP ./. MANTA DRIFT HARBO BRIGS SEA ISLE
(BE60) WATERLOO ./. NOTTINGHAM
Overflight 15:00 \Y N9572X 0101| King Air |065 180 | JFK./. COYLE LEEAH SALISBURY ./. NORFOLK
(BE90)
Arrival 17:30 C N232DM 3062 | Citation Il |080 220 | BOSTON ./. MANTA DRIFT HARBO BRIGS ACY
(C550)
Arrival 20:00 \Y N178JB 0102 | PA31 045 170, JFK.. COYLE HOWIE ACY
Departure 22:20 S N622T 4512 | Baron 58 |020 180 | ACY/13 LEEAH WATERLOO SALISBURY ./. NORFOL
(22:30) (BE58)
Arrival 25:00 C Air Shuttle 5299 2605| d&ch 02 |050 200 | PHILA ./. WOODSTOWN CEDAR LAKE ACY
(BEO2)

IFR BUST

(DO NOT

Alleghany 3541 0505 DC9

250

JFK ./. DIXIE COYLE LEEAH SMYRNA ./. BALTIMORE

CALL IN)

Y

Arrival 27:30 C COM8819 4614| CL44 070 220 NORFOLK ./. SALISBURY WATERLOO SEA ISLE A(
Overflight | 30:00 Vv N6458C 0103| Baron 58 |065 160 | JFK ./. DIXIE COYLE LEEAH WATERLOO SALISBUR
(BE58) /. NORFOLK
Arrival 32:30 Vv N400AE 0104 | Huron 065 140 |ISLIP ... CAMRN PANZE ACY
(BE20)
Departure | 34:50 S EJA330 2436 | Citation I11[020 250 | ACY BRIGS HARBO DRIFT PLUME ... BOSTON
(35:00) (C650)
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IFR BUST
(DO NOT
CALL IN)

Callin Time:

VFRCallin Time| (S=ACY,;

Initial
Controling Sectd

'Sign

Aircraft Call

Alleghany 3533 0443 DC9

Flight Plan

BALTIMORE ./. DONIL LEEAH COYLE ./. JFK

Overflight 37:30 \Y N17824 0106| Baron 58 |075 auto- 160 | NORFOLK ./. SALISBURY WATERLOO LEEAH COYLE
(BE58) descends DIXIE ./. JFK
to 055
Overflight 40:00 \Y N5634X 0105| Baron 58 |065 160 | JFK./. DIXIE COYLE CEDAR LAKE SMYRNA GAREI[
(BE58) J. PATUXENT
Departure 42:15 S Spirit Wings 123 7040| DC9 020 310 ACY LEEAH WATERLOO SALISBURY ./. NORFOLK
(42:30)
Departure 44:40 S Spirit Wings 529 2405| DC9 020 310 ACY LEEAH SMYRNA BALTIMORE
(44:50)
Overflight 46:00 C N8168R 0542 Baron 58 |070 180 | NOTTINGHAM ./. GARED WATERLOO AVALO BRIGS
(BE58) MANTA ./. ISLIP
Overflight 48:00 C N18410 3555/ Duke 60 |060 180 | ISLIP ./. MANTA BRIGS SEA ISLE WATERLOO
(BE60) GARED ./. NOTTINGHAM
Departure at 1200 feet |V N6792G 0100 | Mark 20 (012 055 WWD SEA ISLE HARBO MANTA ./. EAST HAMPTON
(02:35) (MO20)
Scenario 6
Type: CallinTime: | Initial Aircraft Call Beacon | Aircraft Altitude Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Amval VFRCallin Sector
Ovwerfiight Time (S=ACY;
C=Wash.
V=VFR)
Departure | 01:00 S Spirit Wings | 0564 DC9 310 ACY/13 LEEAH Smyrna Salisbury ./. Norfolk
715
Departure | 02:30 S Spirit Wings | 1323 DC9 310 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg
541
Departure | 05:30 S Jetlink 3917 2176 AT42 060 ACY/13 LEEAH Smyrna ./. Baltimore
Arrival 07:20 \Y N236WH 0161 BE36 035 100 Dover DONIL LEEAHtlantic City
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JFK

Type: CallinTime: | Initial Aircraft Call Beacon | Aircraft Altitude Altitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initiad) (Requested)
Amval VFRCallin Sector
Ovwerfiight Time (S=ACY;
C=Wash.
V=VFR)
Overflight | 08:30 \Y N3113N 0102 BE36 015 055 100 McGuire AFB Coyle LEEAH Waterloo Salisbury |/.
Norfolk
Arrival 08:30 C Spirit Wings | 0524 DC9 130 065 210 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic Cityf
192
Departure | 09:30 \Y N92297 0101 BEO2 055 ACY/13 PANR®binsvlle ./. Trenton
Overflight | 09:30 C N67414 1645 BE36 140 060 180 JFK ./. Coyle LEEAH WaterkdsBiry ./. Norfolk
Overflight | 12:20 C N2036A 2610 BE36 140 060 180 JFK ./. Coyle LEEAH Waterlalisiiry ./. Norfolk
Arrival 12:50 C N401AC 2472 LR25 130 080 210 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic Cit
Departure | 13:30 S Air Shuttle | 1706 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
5237
IFR BUST Spirit Wings OTT ./. AGARD DONIL Atlantic City PANZE ./. JFK
245
Overflight | 16:00 C N9873Q 4725 BES5 130 070 230 Norfolk ./. Salisbury Smyrna Cedar Lake Coyle ./
Arrival 17:05 C Spirit Wings | 0546 DC9 110 080 210 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic Cityf
184
Overflight | 17:20 \Y N8168R 0105 BE58 065 065 180 Boston ./. DRIFT FALON Coyle LEEAH Waterlod
Salisbury ./. Norfolk
Departure | 17:30 \Y N31560 0122 BEO2 055 ACY/13 PANR®binsvlle ./. Trenton
Arrival 17:45 C N38764 7074 BE02 140 080 160 Boston ./. DRIFT FALON Coyle Cedar Lake Atla
City
Arrival 18:20 C N8036V 1077 BE36 120 080 160 JEK ./. Coyle Cedar Lakanfc City
Overflight | 20:00 V N20HJ 0106 C172 015 055 100 Philadelphia Smyrna Cedar Lake Coyle ./. JFK
Arrival 20:20 C N53779 0677 BE02 140 060 160 Boston ./. DRIFT FALON Coyle Cedar Lake Atla
City
Arrival 21:05 C Spirit Wings | 1127 DC9 110 080 210 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic Cityf
227
Departure | 21:30 S Air Shuttle | 3014 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
5299
Overflight | 21:40 C N8772R 0535 BE55 120 060 180 JFK ./. Coyle LEEAH WaterklstBiry ./. Norfolk
Arrival 24:00 C Spirit Wings | 1541 DC9 130 080 200 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic Cityf
191
Overflight | 24:30 C N761JT 2020 BE36 140 060 160 JFK ./. Coyle LEEAH Waterkdstary ./. Norfolk

ntic

ntic
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Type:
Departure
Armival
Ovwerfiight

Departure

IFR BUST

Callin Time:
Includes
VFRCallin
Time

25:30

Aircraft Call
Sign

Air Shuttle
5372
Carnival
Airlines 53HB

Beacon

0147

Aircraft
Type

BEO2

(Initial)

045

(Requested)

Flight Plan

ACY/13 Cedar Lake Woodstown Philadelphia

Pendleton, OR Sea Isle Atlantic CIBANZE ./. JFK

Arrival 28:30 C N99351 1631 BE02 120 068 160 JFK ./. Coyle Cedar Latkentic City
Departure | 29:30 S Spirit Wings | 2115 DC9 310 ACY/13 LEEAH Smyrna Dupont ./. HAR
205
Overflight | 30:10 C N5577J 0552 BE58 120 060 170 JFK ./. Coyle Cedar Lake Smulisbusy ./. Norfolk
Overflight | 31:20 \Y N999PL 0103 BE36 065 065 120 JFK ./. Coyle LEEAH Waterlabslsiry ./. Norfolk
Departure | 33:30 S Air Shuttle | 0556 BEO2 040 ACY/13 Cedar Lake Woodstown Philadelphia
5294
Overflight | 35:30 \Y N3113B 0104 BE36 015 065 100 McGuire AFB ./ Coyle LEEAH Waterloo Salisbury
Norfolk
Departure | 37:30 V N13281 0150 BEO2 055 ACY/13 PANR®binsvlle ./. Trenton
Scenario 7
Type: CalinTime: | Initial Aircraft Call Beacon | Aircraft Alfitude Alfitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Amval VFRCallin Sector
Ovwerfiight Time (S=ACY;
C=Wash.
V=VFR)
Departure | 01:00 S Air Shuttle | 0525 BEO2 40 ACY/13 Cedar Lake Woodstown Philadelphia
5255
Departure | 04:00 S N845MD 4701 BE90 50 ACY/13 PANER®binsyvlle ./. Trenton
Departure | 10:00 S Spirit Wings| 6543 DC9 310 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg
235
Overflight | 11:10 \Y N63767 0103 C172 65 160 JFK ./. Coyle LEEAH WaterlatisBury ./. Norfolk
Arrival 13:30 V N83950 0101 BEO2 55 180 Washinton, DC ./. Woodstown Cedar Lake Atlanti¢ City
Overflight | 15:10 C N33PA 3336 C182 50 230 Norfolk ./. Salisbury Waterloo LEEAH Coyle ./. JAK
Departure | 16:00 S Air Shuttle |3324 BEO2 60 ACY/13 Cedar Lake Woodstown Philadelphia
5251
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Type: CalinTime: | Initial Aircraft Call Beacon | Aircraft Alfitude Alfitude Speed Hight Plan
Departure Includes Controling Sign Code Type (Initial) (Requested)
Amval VFRCallin Sector
Ovwerfiight Time (S=ACY;
C=Wash.
V=VFR)
Arrival 17:20 \Y N735YA 0110 C182 65 210 JFK ./. Coyle Cedar Lakdartic City
Overflight | 18:00 C Spirit Wings | 3646 DC9 60 210 Norfolk ./. Salisbury Waterloo LEEAH Coyle ./. JFK
188
Arrival 20:00 \Y; N49TT 0106 MO20 55 230 Norfolk ./. Salisbury Smyrna Sea Isle Atlantic City
Departure | 22:00 S Air Shuttle | 0530 BEO2 40 ACY/13 Cedar Lake Woodstown Philadelphia
5294
Overflight | 23:20 \Y N3526U 0105 C182 65 210 JFK ./. Coyle LEEAH WaterladisBury ./. Norfolk
Arrival 23:30 C Spirit Wings | 5714 DC9 80 210 Harrisburg ./. Smyrna Sea Isle Atlantic City
811
Arrival 24:09 C Spirit Wings | 3647 DC9 80 210 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic City
178
Arrival 26:00 C N22099 2743 BE36 60 180 JFK ./. Coyle HOWIHaAtic City
Departure | 28:00 S Spirit Wings| 6012 DC9 60 ACY/13 LEEAH Smyrna Dupont ./. Harrisburg
173
Arrival 31:00 \Y; N2555Q 0104 PA28 55 180 Norfolk ./. Salisbury Waterloo Sea Isle Atlantic City
Departure | 34:00 S N69ZR 2330 BEO2 40 ACY/13 Cedar Lake Woodstown Philadelphia
Overflight | 37:00 \Y N53379 0102 BE0O2 45 180 JFK ./. Coyle LEEAH SmyrmdisBury ./. Norfolk
Overflight | 40:30 \Y N761JT 0107 BE36 65 160 JFK ./. Coyle Cedar Lake Smyrna ./. Harrisburg
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Scenario 8

G

\CY

Type: Callin Time: Initial Aircraft Call Beacon |Aircratft Altitude Alfitude Speed Hight Plan
Departure | Includes Controling Sign Code |Type (Initial) (Requested)
Amval VFRCallin Sector
Overfight | Time (S=ACY;
C=Wash.
V=VFR)
Departure | 00:15 S Spirit Wings 718 3564 | DC9 020 310 ACY/13 LEEAH SMYRNA DUPONT ./. HARRISBUR]
(00:25)
Departure | at 1200 feet |V N1672G 0100 | Bonanza 3012 055 WWD/13 SEA ISLE AVALO BRIGS MANTA ./. EAST
(01:15) (BE36) HAMPTON
Departure | at 1200 feet |V N52407 0101 | Skyhawk |010 065 MIV/10 LEEAH SEA ISLE SNOW HILL ./. NORFOLK
(02:27) 172
(C172)
Arrival 03:36 C Spirit Wings 188 3646 | DC9 070 250/ BALTIMORE ./. SWANN SMYRNA SEA ISLE ACY
Departure | 4:30 S N279MB 4714 | FK27 020 180 ACY/13 LEEAH SMYRNA DUPONT ./. WILLOW
(04:48) GROVE AIRBASE
Arrival 06:00 C N845ME 4754 | King Air 99070 190 | BALTIMORE ./. SWANN SMYRNA SEA ISLE ACY
(BE90)
Departure | at 1200 feet |V N6925C 0102 | Lance 010 055 AlY/11 BRIGS HARBO DRIFT ./. JFK
(07:14) (PA32)
Arrival 08:24 C Blueridge 193 | 3545 | BA46 080 250| JFK./.DIXIE COYLE HOWIE ACY
Arrival 09:36 C Carnival 8349 | 3174 | B737 070 250/ NORFOLK./. SALISBURY WATERLOO SEA ISLE
Arrival 10:48 C Air Shuttle 5253 1565 | d&ch 02 |050 200 | PHILLY .. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Overflight | 12:00 C Spirit Wings 190 6334 | DC9 060 250, EAST HAMPTON ./. MANTA DRIFT HARBO BRIGS
SEA ISLE SNOW HILL ./. NORFOLK
Departure | 13:00 S VV7W516 4741 | C12 020 050 ACY/13 PANZE ZIGGI DIXIE ./. TRENTON
(13:12)
Overflight | 14:24 C USAIr 1139 6334 | B737 060 250 BOSTON ./. MANTA DRIFT HARBO BRIGS SEA IS
SNOW HILL ./. TAMPA
Overflight | 15:36 \Y N4794M 0104 | Bonanza 3®55 155 | NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE36) COYLE DIXIE ./. JFK
Arrival 16:48 C Air Shuttle 5251 4744 | d&ch 02 |050 200 | PHILLY .. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Overflight | 18:00 Y, N3334C 0105 | Bonanza 3645 140 | NEW HAVEN ./. DIXIE COYLE HOWIE LEEAH
(BE36) WATERLOO SALISBURY ./. NORFOLK
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Y

Type: Callin Time: Initial Aircraft Call Beacon |Aircratft Altitude Alfitude Speed Hight Plan
Departure | Includes Controling Sign Code |Type (Initial) (Requested)
Amval VFRCallin Sector
Overfight | Time (S=ACY;
C=Wash.
V=VFR)
Departure | 19:00 S Carnival Air 4514 | B737 020 350 ACY/13 LEEAH WATERLOO SALISBURY ./. NORFO
(19:12) 7218
Arrival 20:24 C N28R 6354 | Mystere |070 250 | NORFOLK ./. SALISBURY WATERLOO SEA ISLE AQ
Falcon 900
(DA90)
Overflight |21:36 Vv N456DM 0111 | Bonanza 3®55 145 | NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE36) COYLE DIXIE ./. JFK
Overflight | 22:48 Vv N8014T 0112 | Bonanza 3665 140 | JFK./. DIXIE COYLE HOWIE LEEAH WATERLOO
(BE36) SALISBURY ./. NORFOLK
Departure | 23:20 S Jetlink 3917 2176 | AT42 020 060 ACY/13 LEEABMYRNA ./. BALTIMORE
(23:30)
Departure | 25:00 S Viscount Air 7035 | B737 020 350 ACY/13 LEEAH SMYRNA GARED ./. NOTTINGHAM
(25:12) 8311
Arrival 26:24 C Air Shuttle 5299 2702 | d&ch 02 |050 200 | PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BE02)
Departure | 27:20 S N9551M 5554 | Mark 20 |020 060 ACY/13 LEEAH SMYRNA ./. BALTIMORE
(27:36) (MO20)
Overflight |28:48 Vv N2061B 0106 | Bonanza 3665 140 | JFK ./. DIXIE COYLE HOWIE LEEAH WATERLOO
(BE36) SALISBURY ./. NORFOLK
Overflight | 30:00 Vv N3684A 0113 | Bonanza 3®55 140 | NOTTINGHAM ./. GARED SMYRNA CEDAR LAKE
(BE36) COYLE DIXIE ./. JFK
Arrival 31:12 C OPEC22 3124 | DC9 070 250 ANDREWS ./. SWANN SMYRNA SEAISLE ACY
Departure | 32:10 S Spirit Wings 519 2155 | DC9 020 310 ACY/13 LEEAH SMYRNA BALTIMORE
(32:24)
Overflight | 33:36 Vv N55MD 0110 | Bonanza 3®65 140 | JFK./. DIXIE COYLE LEEAH WATERLOO
(BE36) SALISBURY ./. NORFOLK
Overflight | 34:48 C Spirit Wings 812 6224 | DC9 060 250 EAST HAMPTON ./. MANTA DRIFT HARBO BRIGS
SEA ISLE SNOW HILL ./. NORFOLK
Overflight | 36:00 C Carnival Air 6554 | B737 070 auto; 250 |CHARLESTON ./. SALISBURY WATERLOO LEEAH
5323 descends COYLE DIXIE ./. NEWARK
to 050
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Type: Callin Time: Initial Aircraft Call Beacon |Aircratft Altitude Alfitude Speed Hight Plan
Departure  |Includes Controling Sign Code |Type (Initial) (Requested)
Armval VFRCallin Sector
Overfight | Time (S=ACY;
C=Wash.
V=VFR)
Departure | 37:00 S Devil 91 4734 | F-16 020 170 ACY/13 BRIGS MANTA RICED
(37:12)
Arrival 38:24 Vv N9557N 0114 | Bonanza 3®55 140 | PHILLY ./. WOODSTOWN CEDAR LAKE ACY
(BE36)
Overflight | 39:36 Vv N3235D 0107 | Bonanza 3645 140 | JFK./. DIXIE COYLE CEDAR LAKE SMYRNA
(BE36) SALISBURY ./. NORFOLK
Departure | 40:15 S Hamer 21 4522 | F-16 020 170 ACY/13 BRIGS MANTA RICED
(40:30)
Arrival 42:00 C Air Shuttle 8337 3163 | d&ch 02 |050 200 | PHILLY .. WOODSTOWN CEDAR LAKE ACY
(BEO2)
Departure |43:00 S (V) N7731J 0115 | PA32 020 045 ACY/13 CEDAR LAKE WOODSTOWN MODENA
(VFR) (43:12) BUCKS ./. WILLOW GROVE AIRBASE
Overflight |44:24 C N9341C 6664 | King Air 9060 190 | EAST HAMPTON ./. MANTA DRIFT HARBO BRIGS
(BE90) SEA ISLE SNOW HILL ./. NORFOLK
Arrival 45:36 C Blueridge 198 | 3515 | BA46 060 250 JFK./. DIXIE COYLE HOWIE ACY
Arrival 48:00 C Spirit Wings 214 7535 | DC9 070 250 NORFOLK ./. SALISBURY WATERLOO SEA ISLE A
Scenario 0 - Practice
Type: Callin Time: [Initial Aircraft Call Beacon |Aircraft Altitude  |Altitude Speed FEIGHT PLAN
Departure |Includes Controlling Sign Code Type (Initial) (Requested)
Arrival VFR Call in Sector
Overflight |Time (S =ACY;
C = Wash.
V = VFR)
Departure 00:30 S Air Shuttle 5299 | 5104 BEO2 040 CYA3 C=DAR LAKE WOODSTOWN
PHILADELPHIA
Departure 04:00 Y, Air Shuttle 5349 | 0130 BEO2 045 CYAL3 CEDAR LAKE WOODSTOWN
PHILADELPHIA
Departure 08:00 S Air Shuttle 5238 | 2104 BEO2 040 CYA3 C=DAR LAKE WOODSTOWN
PHILADELPHIA
Arrival 12:00 C Jet Link3729 0515 AT42 080 210 Fkl/. DiXIE CoYLE ATLANTIC CITY
Arrival 12:50 Y N66874 0101 PA31 065 190 FKl./. Dixie CoYLE ATLANTIC CITY
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Type: Callin Time: |Initial Aircraft Call Beacon |Aircraft Altitude  |Altitude Speed FEIGHT PLAN
Departure |Includes Controlling Sign Code Type (Initial) (Requested)
Arrival VFR Call in Sector
Overflight |Time (S =ACY;
C = Wash.
V = VFR)
Arrival 13:15 C Viscount 8503 7473 B737 050 230 ALSBURY SMYRNA SEAISLE
ATLANTIC CITY
Overflight |16:27 C N72578 2075 BE36 060 180 FkJ/. Dixie CoYLE LEEAH
SMYRNA SALISBURY ./. NORFOLK
Arrival 17:14 C N201JA 1736 MO20 080 150 FKl./. DIXIE COYLE ATLANTIC CITY
Arrival 17:40 \Y% N5652M 0102 MO20 045 150 F./. DIXIE COYLE ATLANTIC CITY
Overflight |22:14 C N1159P 3052 MO20 060 150 FkJ/. Dixie CoYLE LEEAH
WATERLOO SALISBURY ./. NORFOLK
Overflight |25:00 Y, N4961L 0103 PA28 045 180 FKl./. Dixie CoyLE CEDARLAKE
SMYRNA ./. NOTTINGHAM
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Appendix C

Questionnaires

Entry Questionnaire

1. Whatis your age in years? years

2. Are you wearing corrective lenses during this experiment? O Yes O No

3. How many years have you actively controlled traffic? years

4. How many years have you controlled traffic at the Atlantic City TRACON? years

5. How many months in the past year have you actively controlled traffic? months

6. What is your current position as an air traffic controller? O Developmental O Full O Other:

Performance
Level

7. Please circle the number that best describes your notskiled 1 2 34 5 6 7 8 9 10 extremely
current skill as an air traffic controller . skilled
Comments:

8. Please circle the number that best describeeveé nostress 1 2 3 4 5 6 7 8 9 10 extremely
of stressyou have experienced during the last several high level of
months stress
Comments:

9. Please circle the number that best describes your not 1 2 3 456 7 8 9 10 extremely
motivation to participate in this study. motivated motivated
Comments:

10. Please circle the number that best describessyater not healthy 1 2 34 5 6 7 8 9 10 extremely

of health healthy
Comments:
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11. Do yousearch the PVD in one special way for
information ? If it depends on certain factors, what
are they?

Comments:

12. Please circle the number that best describes your novertical 1 2 3 4 5 6 7 8 9 10 always

preference for vertical separation separation vertical
separation
Comments:

13. Please circle the number that best describes your novector 1 2 3 4 5 6 7 8 9 10 always vect
preference for separation through “vectoring” separation separation
Comments:

14. Please circle the number that best describes your nospeed 1 2 3 4 5 6 7 8 9 10 always spe¢
preference for speed control control control
Comments:

15. Please circle the number that best describes your not 1 2 3 45 6 7 8 9 10 extremely

experience with video games
Comments:

experienced

experienced
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Please circle the number that best describes the
importance of the followingaircraft information:.

16.

Aircraft Call Sign

10

extremely
high

17.

Aircraft Type

10

extremely
high

18.

Aircraft Beacon Code

10

extremely
high

19.

Controller Ownership

10

extremely
high

20.

Entry Altitude

10

extremely
high

21.

Entry Airspeed

10

extremely
high

22.

Entry Fix

10

extremely
high

23.

Exit Altitude

10

extremely
high

24,

Exit Airspeed

10

extremely
high

25.

Exit Fix

10

extremely
high

26.

Arrival Airport (within sector)

10

extremely
high

27.

Departure Airport (within sector)

10

extremely
high

28.

Current Altitude

10

extremely
high

29.

Current Airspeed

10

extremely
high

30.

Current Heading

10

extremely
high

31.

Current Aircraft Location

10

extremely
high

32.

Most Recently Assigned |fiude

10

extremely
high

33.

Most Recently Assigned Airspeed

10

extremely
high

34.

Most Recently Assigned Heading

10

extremely
high

35.

Aircraft Holding/Spinning

10

extremely
high

36.

Aircraft Waiting for Hand-off/Release

10

extremely
high

37.

Aircraft Near Exit Fix/Arrival Airport

10

extremely
high

38.

Density of Aircraft on Radar Display

extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremelyl
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremelyl
low
extremelyl
low
extremely 1
low
extremelyl
low
extremely 1
low
extremelyl
low

10

extremely
high
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Please circle the number that best describes the

importance of the followingradar display information:.

39.

Range Rings

10 extremely
high

40.

System Clock

10 extremely
high

41.

VORs

10 extremely
high

42.

Fixes

10 extremely
high

43.

Airports

10 extremely
high

44,

Restricted Area Boundaries

10 extremely
high

45.

ILS Approaches

10 extremely
high

46.

ILS Outer Marker

10 extremely
high

47.

Runways

10 extremely
high

48.

Holding Patterns

10 extremely
high

49.

Obstructions

10 extremely
high

50.

Sector Boundaries

10 extremely
high

51.

Filter Settings

10 extremely
high

52.

Future Aircraft List

10 extremely
high

53.

Collision Alert

extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low

extremelyi
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremely 1
low
extremelyl
low
extremely 1
low
extremely 1
low
extremely 1
low

10 extremely
high
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Post-Scenario Questionnaire

ID: Scenario: Date:

1. Please circle the number that best deschbes extremely 1 2 3 4 5 6 7 8 9 10 extremely
realistic the simulationwas. unrealistic realistic
Comments:

2. Please circle the number that best deschibes not 1 2 3 45 6 7 8 9 10 extremely
representative the scenario wasef a typical workday. representative representatiy

e

Comments:

3. Please circle the number that best describes ifthe nointerference 1 2 3 4 5 6 7 8 9 10 extreme
ATWIT device interfered with controlling traffic. interference
Comments:

4. Please circle the number that best describes if the nointerference 1 2 3 4 5 6 7 8 9 10 extreme
oculometer interferedwith controlling traffic. interference
Comments:

5. Please circle the number that best deschibaswell extremelypoor 1 2 3 4 5 6 7 8 9 10 extremely
the simulation-pilots respondecto your clearances in well
terms of traffic movement and call-backs.

Comments:

6. Do you have any other comments about your
experiences during the simulation?

Comments:
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nothard 1 2

3456 7 8 9 10 extremely
hard

7.

Please circle the number below that best desdnies
hard you were working during this scenario.

Comments:

3456 7 8 9 10 extremely

8. Please circle the number that best desctibeswell
you controlled traffic during this scenario

extremely 1 2
poor

well

awareness for current aircraft locationsduring this
scenario.

Comments:
9. Please circle the number that best descobesll extremely 1 2 3 4 5 6 7 8 9 10 extremely
situational awarenesduring this scenario poor well
Comments:
10. Please circle the number that best descsibastional extremely 1 2 3 4 5 6 7 8 9 10 extremely
poor well

Comments:

1 23 456 7 8 9 10 extremely
well

awareness for projected aircraft locationgduring
this scenario.

11. Please circle the number that best descsilstional extremely poor

Comments:

extremely

1 23 456 7 8 9 10 extremely
well

awareness for potential violationgduring this
scenario.

12. Please circle the number that best descsilhastional

poor

Comments:
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13.

10 extremely
difficult

14.

10 extremely
high

15.

10 extremely
high

16.

10 extremely
high

17.

10 extremely
high

18.

10 extremely
high

19.

Please circle the number that best deschibes extremely
difficult this scenario was. easy
Comments:
NASA TLX

Please circle the number that best describenénéal extremely
demandduring this scenario. low
Please circle the number that best describgshiysical  extremely
demandduring this scenario. low
Please circle the number that best describeethyggoral — extremely
demandduring this scenario. low
Please circle the number that best describes your extremely
performance during this scenario. low
Please circle the number that best describessytort extremely
during this scenario. low
Please circle the number that best describes your level @ftremely
frustration during this scenario. low

10 extremely
high
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Exit Questionnaire

1. Please circle the number that best deschbes extremely 1 2 3 4 5 6 7 8 9 10 extremely
realistic the simulationswere. unrealistic realistic
Comments:

2. Please circle the number that best deschibes not 1 2 3 45 6 7 8 9 10 extremely
representative the scenarios weref a typical representative representatiy
workday. e
Comments:

1 2 3 456 7 8 9 10 extreme
interference

3. Please circle the number that best describes if the no interference
ATWIT device interfered with controlling traffic.

Comments:

1 2 3 456 7 8 9 10 extreme
interference

4. Please circle the number that best describes if the no interference
oculometer interferedwith controlling traffic.
Comments:

extremelypoor 1 2 3 4 5 6 7 8 9 10 extremely
well

5. Please circle the number that best deschibaswell
the simulation-pilots respondecto your clearances in
terms of traffic movement and call-backs.

Comments:

A

1 23 456 7 8 9 10 adequatsq

6. Please circle the number that best describes if the not adequate

hands-on training was adequate on day.1
Comments:
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7. Was there anything that you found particularly unique
in the simulation that you would not see at your home
facility?

Comments:

8. Were you constantly aware of wearing the oculometer,
or did you tune it out?
Comments:

9. Do you search the PVD in one sip¢avay for
information or does it depend on certain factors and if
so, what are they?

Comments:

10. How do you decide whether or not to suppress data?
Comments:

11. Is there anything about the study that we should have

asked or that you would like to comment about?
Comments:
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Appendix D
Observer Checklist

Instructions for questions 1-24

This form was designed to be used by instructor certified air traffic control specialist to evaluate
the effectiveness of controllers working in simulation environments. Observers will rate the
effectiveness of controllers in several different performance areas using the scale show below.
When making your ratings, pleas try to use the entire scale range as much as possible. You are
encouraged to write down observations and you may make preliminary ratings during the course
of the scenario. However, we recommend that you wait until the scenario is finished before
making your final ratings. The observations you make do not need to be restricted to the
performance areas covered in this form ands may include other areas that you think are important.
Also, please write down any comments that may improve this evaluation form. Your identity will
remain anonymous, so do not write your name on the form.

Rating | Label Description

1 Controller demonstrated extremely poor judgment in making control decisions anfl very
frequently made errors

2 Controller demonstrated poor judgment in making some control decisions and
occasionally made errors

3 Controller make questionable decisions using poor control techniques which led to
restricting the normal traffic flow
4 Controller demonstrated the ability to keep aircraft separated but used spacing apd
separation criteria which was excessive

5 Controller demonstrated adequate judgment in making control decisions

6 Controller demonstrated good judgment in making control decisions using efficier
control techniques

7 Controller frequently demonstrated excellent judgment in making control decision
using extremely good control techniques

8 Controller always demonstrated excellent judgment in making even the most diffigult
control decisions while using outstanding control techniques

—

\*2
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Maintaining Safe and Efficient Traffic Flow

1. Maintaining Separation and Resolving Potential Conflicts 1 2
- using control instructions that maintain save aircraft separation
- detecting and resolving impending conflicts early
Comments:

2. Sequencing arrival and Departure Aircraft Efficiently 1 2
- using efficient and orderly spacing techniques for arrival and departure aircraft
- maintaining safe arrival and departure intervals that minimize delays
Comments:

3. Using Control Instructions Effectively 1 2
- providing accurate navigational assistance to pilots
- avoiding clearances that result in the need for additional instructions to handle
aircraft completely
- avoiding excessive vectoring or over-controlling
Comments:

4. Overall Safe and Efficient Traffic Flow Scale Rating 1 2

Comments:
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Maintaining Attention and Situation Awareness

5. Maintaining Awareness of Aircraft Positions 1 2
- avoiding fixation on one area of the radarscope when other areas need attention
- using scanning patterns that monitor all aircraft on the radarscope

Comments:

6. Ensuring Positive Control 1 2
Comments:

7. Detecting Pilot Deviations from Control Instructions 1 2

- ensuring that pilots follow assigned clearances correctly
- correcting pilot deviations in a timely manner
- avoiding excessive vectoring or over-controlling

Comments:

8. Correcting Own Errors in a Timely Manner 1 2
Comments:

9. Overall Attention and Situation Awareness Scale Rating 1 2
Comments:
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Prioritizing

10. Taking Actions in an Appropriate Order of Importance 1
- resolving situations that need immediate attention before handling low priority
tasks
- issuing control instructions in a prioritized, structured, and timely manner
Comments:
11. Preplanning Control Actions 1

- scanning adjacent sectors to plan for inbound traffic
- studying pending flight strips in bay
Commens:

12. Handling Control Tasks for Several Aircraft 1
- shifting control tasks between
- avoiding delays in communications while thinking or planning control actions
Comments:

13. Marking Flight Strips while Performing Other Tasks 1
- marking flight strips accurately while talking or performing other tasks
- keeping flight strips current
Comments:

14. Overall Prioritizing Scale Rating 1
Comments:

Providing Control Information

15. Providing Essential Air Traffic Control Information 1
- providing mandatory services and advisories to pilots in a timely manner
- exchanging essential information
Comments:

16. Providing Additional Air Traffic Control Information 1
- providing additional services when workload is not a factor
- exchanging additional information
Comments:

17. Overall Providing Control Information Scale Rating 1
Comments:
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Technical Knowledge

18. Showing Knowledge of LOAs and SOPs
- controlling traffic as depicted in currenOlAs and SOPs
- performing hand-off procedures correctly
Comments:

19. Showing Knowledge of Aircraft Capabilities and Limitations
- avoiding clearances that are beyond aircraft performance parameters
- recognizing the need for speed restrictions and wake turbulence separation
Comments:

20. Overall Technical Knowledge Scale Rating
Comments:

Communicating

21. Using Proper Phraseology
- using words and phrases specified in ATP 7110.65
- using ATP phraseology that is appropriate for the situation
- avoiding the use of excessive verbiage
Comments:

22. Communicating Clearly and Efficiently
- speaking at the proper volume and rate for pilots to understand
- speaking fluently while scanning or performing other tasks
- clearance delivery is complete, correct and timely
- providing complete information in each clearance
Comments:

23. Listening for Pilot Readbacks and Requests
- correcting pilot readback errors
- processing requests correctly in a timely manner
Comments:

24. Overall Communicating Scale Rating

Comments:
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Instructions for questions 25-35

The following questions have as scale ranging from 1 to 10. Where 1 represents “extremely low,”
“extremely infrequent,” “strongly disagree”, etc. and 10 represents the other extreme of the
spectrum.

These questions are the same as we have asked the controller after the scenario. We would like
you to give us your impression of how these questions will be rated by the controller.
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25.

Please circle the number that best describes the
controller’spreference for vertical separation

Comments:

novertical 1 2 3 4 5 6 7 8 9 10 always
separation vertical
separation

26.

Please circle the number that best describes the
controller’spreference for separation through
“vectoring”

Comments:

novector 1 2 3 4 5 6 7 8 9 10 always vecto
separation separation

27.

Please circle the number that best describes the
controller’spreference for speed control
Comments:

nospeed 1 2 3 4 5 6 7 8 9 10 always spe¢
control control

pd

28.

Please circle the number below that best desdrdyes

nothard 1 2 3 4 5 6 7 8 9 10 extremely

hard the controller was working during this scenario. hard

Comments:

29.

Please circle the number that best deschibaswell
the controller controlled traffic during this scenario
Comments:

extremely 1 2 3 4 5 6 7 8 9 10 extremely
poor well

NASA TLX
30. Please circle the number that best describasn¢néal extremely 1 2 3 4 5 6 7 8 9 10 extremely
demandduring this scenario. low high
31. Please circle the number that best describgshymcal extremely 1 2 3 4 5 6 7 8 9 10 extremely
demandduring this scenario. low high

32.

Please circle the number that best describeetigoral extremely 1 2 3 4 5 6 7 8 9 10 extremely

demandduring this scenario.

low high

33. Please circle the number that best describes the overalextremely 1 2 3 4 5 6 7 8 9 10 extremely
performance during this scenario. low high

34. Please circle the number that best describesffre extremely 1 2 3 4 5 6 7 8 9 10 extremely
during this scenario. low high
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35. Please circle the number that best describes the level aéxtremely 1 2 3 4 5 6 7 8 9 10 extremely
frustration during this scenario. low high

D-8




Appendix E
Performance Variable

Table E-1. Performance Variables

Performance Data Units
Conflicts:

1. No. Conflicts

2. Dur. Conflicts seconds
3. No. Standard Conflicts

4. Standard Conflicts API (Aircraft Proximity Index)

5. Mean Standard Conflicts API

6. Dur. Standard Conflicts seconds
7. No. Longitudinal Conflicts

8. No. Longitudinal Conflicts API

9. Mean Longitudinal Conflicts API

10. Closest-Point-of-Approach feet
Complexity:

11. Cumulative Average System Activity

12. Altitude Changes

13. Heading Changes

14. No. Speed Changes

Error:

15. No. hand-offs Outside Boundary

16. No. Turn/Hold Delays

17. Dur. Turn/Hold Delays seconds
18. No. Start Point Delays
19. Dur. Start Point Delays seconds

Communications:

20. No. Ground-to-Air Contacts

21. Dur. Ground-To-Air Contacts seconds

22. No. ATCS Messages

23. No. Pilot Message Key Strokes

Task load:

24. No. Aircraft Handled

25. Dur. Aircraft Time Under Control seconds
26. Distance Flown miles

27. No. Completed Flights

28. No. Departure Altitude Not Attained

29. No. Arrival Altitude Not Attained

30. No. hand-offs Accepted

31. Hand-off Accept Delayime seconds
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Appendix F
Visual Scanning Variables

Target
Targets are objects, either stationary of moving that can be looked at by an ATCS (Table F-1)

Table F-1. Visual Scanning Targets

Targets ID needed
Stationary v
Radar Returns v

Data Blocks v
Keyboard

Track Ball

Flight Strips v
ATWIT Panel

When an ID is needed that will mean that the total number of targets inelactesf the targets
within a category. Stationary targets are ATCoach fixes like the VORs, ILS lines, flight table,
etc.

Fixation

A fixation is a sequence of at least 6 oculometer samples with an intersample distance of less than
1 degree of visual angle. At 1 meter distance this corresponds to a circle with a 8.73 mm radius.
The distance between two samples is the norm of the vectorial difference of the sample
coordinates. If 2 fixations are not separated by either a blink or a saccade (see definitions below),
these fixations should be combined within one fixation. In summary:

Fixation if:
D = V((Xi-Xir1)” +(Yi-Yis1)?) >8.73 mm
with D the distance between to subsequent samples x and
y the horizontal and vertical point of gaze coordinates in
mm respectively
and:
n>6 with n the number of samples in a sequence
and

separated by a blink or a saccade

Related to a fixation the following variables need to be calculated: Fixation Duration and Fixation

Area. Fixation Area is an approximation of the area covered by the POG due to eye movements
within a fixation.
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Fixation Duration:
FIXDUR = tsampie* Zsamples
with tsampewhere the duration of a samplés{ second)
and>sample is the total number of samples within a
fixation
Fixation Area:
FIXAREA = (max(%ix)-min(Xx) ) * (Max(Yix )-min(Yix))
with s« and yx the sequences of horizontal and vertical
POG coordinates within a fixation respectively

Blink

A blink is the complete or partial closure of the eye. The oculometeugdlest that the velocity

at the start and end of a blink was greater than 700 degrees per second which corresponds with
6.108"/s. This is physically impossible, but it does give us a way to determine start and end of a
blink. A blink starts after the last sample of the previous fixation and stops before the first sample
of the next fixation. In summary:

Blink if:
VEL = \/((Xi'xi+1)2 +(yi'yi+1)2) / tsample > 6108m/s
with VEL being the a crude estimate of the tangential
velocity and x and y the horizontal and vertical point of
gaze coordinates in mm respectively. The index denotes
the current sample i and next sample i+1 respectively
and:

n>12 with n the number of samples in a sequence
Related to a blink the following variables need to be calculated: Fixation Duration and Blink
Distance. Blink Distance is the distance covered by the POG due to eye movements during a
blink.
Blink Duration:

BLNKDUR = tsample* ZSamples
with tsampewhere the duration of a samplés{ second)
and>sample is the total number of samples within a blink
Blink Distance:

with x and y the horizontal and vertical point of gaze
coordinates in mm respectively. The index denotes the
last sample of the previous fixation p and first sample of
the next fixation n respectively

Saccade

A saccade is the liatic movement of the eye from one fixation to the next.aécade is
characterized by fast eye movements of up to 700 degrees per second. The cut-off for a saccade
is a difference in distance between two subsequent saccades that is greater or equal to 8.73 mm,

F-2



lasts at least 3 samples (or a velocity of 0.824 and the velocity is less or equal to 700 degrees
per second (6.108,). The saccadeillvstart at the end of the last sample of the previous fixation
and will end at the beginning of the first sample of the next fixation. In summary:

0.524 > VEL > 6.108Y,
and:
n>2

Related to saccades a number of variables need to be calculated: Saccade Duration, Saccade
Distance, and Saccade Velocity. The saccade distance is the angular distance traveled during a
saccade in degrees. The saccade velocity is the average velocity within a saccade in degrees per
second.

Saccade Duration:
SACDUR= tampe* Zsamples

with tsampewhere the duration of a samplés{ second)
and>sample is the total number of samples within a
saccade
Saccade Distance:
SACDST = (%-Xp)*(Yn-Yp)

with x and y the horizontal and vertical point of gaze
coordinates in mm respectively. The index denotes the
last sample of the previous fixation p and first sample of
the next fixation n respectively
Saccade Velocity:
SACVEL = % (\/((Xi'xiﬂ)2 +(yi'yi+1)2)) / tsample* Nsaccade

with tsampewhere the duration of a samplés{ second)

and RaccaddS the number of samples within the saccade
Dwell
A dwell is defined as a sequence of fixations that return to a location within 1 degree of visual

from a target location or within 1 degree of visual angle if the POG does not rest on a target.
This way included in a dwell are also moving targets.

Related to dwells a number of variables need to be calculated: Dwell Duration and Dwell Area.
Dwell Duration is the duration between the start of the first sample of the first fixation and the
end of the last sample of the last fixation within a dwell sequence. Dwell Area is an
approximation of the area covered by the POG within a dwell.

Dwell Duration:
DDUR = tifixm- tifix1

with ty x 1 is the start of the first sample of the first
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fixation and i« m is the end (sample n) of the last fixation
(fixation m).
Dwell Area:
DAREA = (max(%x)-min(Xix))*(max(Yx)-min(Yix))

with xsx and yx the sequences of horizontal and vertical
POG coordinates within a dwell respectively

Visual Efficiency

Visual efficiency is defined as the proportion of the total scanning time that is spent fixating.

Visual Efficiency:
VISEFF = (mean(FIXDUR) * N) /
(mean(FIXDUR) * Nix + mean(SACDUR) * I\,

In fact, this is nothing more than the portion of the time that the eye is fixed once the blinks are
removed:

Visual Efficiency:
VISEFF = ZFIXDUR / (XFIXDUR + ZSACDUR)

with ZFIXDUR the sum of the duration of the fixations,
>SACDUR the sum of the duration of the saccades and
TIME the total time in seconds.

Eye Motion Workload

Eye Motion Workload is defined as the average saccade motion in degrees by the number of
saccades, or:

Eye Motion Workload:
EYEMWL = mean (SACDST) * N/ TIME

with Nsacthe number of saccades within the interval under
study and TIME the total time in seconds.
In fact, this is nothing more than the total distance traveled divided by the total the time:
Eye Motion Workload:
EYEMWL = >SACDST / TIME

with ZSACDST the sum of the distance of the saccades in
degrees and TIME the total time in seconds.

Pupil Motion Workload

Pupil Motion Workload is defined as the sum of the average pupil diameter within a fixation
divided by the total time within the interval under consideration.
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Pupil Motion Workload
PUPMWL = ~||mean(PUPDIAM) ;- mean(PUPDIAMy i.1)|| / TIME

with PUPDIAM the pupil diameter in mm based on a
conversion from ASL arbitrary units to mm of 0.044 mm
per ASL unit. The index fix i and fix i+1 denote the i-th
and the i+1th fixation respectively

It seems if the author of the article that this measure was based on was after the “distance”
traveled during an interval. | is of course possible to separate the oculometer samples that do not
include blinks and then to calculate the cumulative sum of the pupil diameter differences. This
may be a more accurate estimate of pupil workload:

Pupil Average Work:
for fixations or saccades:
PUPAW = Z||PUPDIAM - PUPDIAM.,||

with i and i+1 oculometer sample i an i+1 respectively. In
this case the oculometer samples that occur during blinks
are removed from the timeseries of data.

Conditional Information

The conditional information is defined by Brillouih962) as described inli& (1986). The
formula will here be given without getting too much into the details:

CONINF = Zp *[Z p; * logz (p,j)] withi#Z ]

with p; is simple probability of viewing target i, and; s

the probability of a transition from target i to target |.
Simple probability was defined by Elli$486) as the
percentage of time spent on each particular target or
jumping between each target. Here wikaalculate it

not as a percentage of time, but the ratio of the number of
times on a target and the total number of fixations and the
number of transitions and the total number of saccades for
pi and p; respectively.

The current experiment used the selected visual scanning listed in Table F-2
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Table F-2. Visual Scanning Variables

Visual Scanning Units
1. Number of Fixations

2. Mean Duration of Fixations seconds
3. Mean Fixation Area inche$
4. Number of Blinks

5. Mean Blink Duration seconds
6. Mean Distance Traveled Within A Blink inch

7. Mean Duration of Saccades seconds
8. Mean Distance of Saccades inch

9. Mean Pupil Diameter millimeter
10. Mean Duration of Fixations on Radarscope seconds
11. Mean Duration of Fixations on Keyboard Area seconds
12. Mean Duration of Fixations on ATWIT Device seconds
13. Mean Duration of Fixations on Flight Strip Bay seconds
14. Mean Duration of Fixations on Aircraft seconds
15. Mean Duration of Fixations on Static Objects seconds
16. Mean Duration of Fixations on Departure List seconds
17. Mean Duration of Fixations on System Settings seconds
18. Mean Duration of Fixations on Preview Area seconds
19. Mean Duration of Fixations on CA/LA Area seconds
20. Visual Efficiency

21. Eye Motion Workload inch/second
22. Pupil Motion Workload millimeter/second
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Appendix G
Scenarios and Schedule

Table G-1. Overview of Dates and Test Events

Date

May 20 - 24 Pilot Data Collection (2 Ss)

May 27 - June 1

Procedure and Data Screening

June 3 - June 28

Final Data Collection (8 Ss)

July 1 - July 26

Data Analysis

July 29 - August 23

Report Writing

Table G-2. Two Day Timeline for Atlantic City ATCS

Day 1
Time Event Facilities Used
830 Welcome Act’s + Entry Questionnaire Briefing Room
900 Sector Briefing “
945 Tour Facilities ER4
1015 Coffee Break -
1030 Equipment Familiarization Run ER4/EOS4/Bl&dom
1100 Break -
1130 Experimental Run | ER4/EOS4/BlaRkom
1230 Lunch -
1330 Experimental Run 1l ER4/EOS4/BlaRoom
1430 Break -
1500 Experimental Run 111 ER4/EOS4/BlaBoom
1600 Data Backup ER4/EOS4
Day 2
Time Event Facilities Used
815 Simulation Review (if eécessary) ER4
830 Experimental Run IV ER4/EOS4/BlaBloom
930 Break -
1000 Experimental Run V ER4/EOS4/BlaRkom
1100 Break -
1130 Experimental Run VI ER4/EOS4/BlaBloom
1230 Lunch -
1330 Experimental Run VII ER4/EOS4/BlaBloom
1430 Break -
1500 Experimental Run VIII ER4/EOS4/BlaBloom
1600 Exit Questionnaire ER4
1630 Data Backup ER4/EOQS4
1700 End -
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Table G-3. Idealized Participant Schedule Broken Down by Days

Month Date Day Participant #
May 20 1 Pilot Participant 1
“ 21 2 Pilot Participant 1
“ 22 1 Pilot Participant 2
“ 23 2 Pilot Participant 2
“ Break to check/redo data/procedures (5/27 is Memorial Day).
June 3 1 Participant 1
“ 4 2 Participant 1
“ 5 1 Participant 2
“ 6 2 Participant 2
“ Friday - used for post scenario procedures
“ 10 1 Participant 3
“ 11 2 Participant 3
“ 12 1 Participant 4
“ 13 2 Participant 4
“ Friday - used for post scenario procedures
“ 17 1 Participant 5
“ 18 2 Participant 5
“ 19 1 Participant 6
“ 20 2 Participant 6
“ Friday - used for post scenario procedures
“ 24 1 Participant 7
“ 25 2 Participant 7
“ 26 1 Participant 8
“ 27 2 Participant 8
Table G-4. Scenario Number Based on IV Level
Scenario # Task load Overflight Intrusion Type
1 low yes IFR, VFR
2 high yes IFR, VFR
3 low no VFR (2)
4 high no VER (2)
5 low yes IFR (2)
6 high yes IFR (2)
7 low no Baseline
8 high no Baseline
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Researchers counterbalanced the presentation order of the scenarios (Table G-5).

Table G-5. Counterbalancing Scheme for 12 ATCSs

Week ATCS # Scenarios for Scenarios for
Day 1 Day 2
1 1 0123 4|5 6 7 8
1 2 0 23 45 6 7 8 1
3 3 0 3456 7 8 1 2
3 4 0456 7| 8 1 2 3
4 5 056 7 8 1 2 3 4
4 6 06 781 2 3 4 5
5 7 07 81 2| 3 4 5 6
5 8 08123| 4 5 6 7
6 9 0123 4|5 6 7 8
6 10 0 23 405 6 7 8 1
7 11 0 3456 7 8 1 2
7 12 0 456 7 8 1 2 3
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Appendix H

Integrated Eye Movement and Simulator Data File Format

The text below is a small portion (less than one second) of a data file that integrates the data
recorded by the simulator data with the eye movement data. The eye movement related
information is extracted from point of gaze information. The point of gaze information is
collected at a rate of 60 samples per second.

08:20:49.75498 B: 18 -0.415 -7.230 2.440 -1.850 8.0528 0.3000

08:20:49.77164 S: 2 -7.230 -7.310 -1.850 -2.210 0.3688 0.0167 22.13

08:20:49.85498 0: 6 -7.435 -7.310 -2.595 -2.195 0.0500 0.0833

D: USA454 165 165 883 883 1.427 6/6
D: DAL79 424 424 652 652 1.963 6/6
D: DAL918 360 360 578 578 2.138 6/6

The first line is an example of the format for information related to eye blinks:
the start time of the observation (08:20:49.75498),

the type of observation (B:, or a blink),

the number of point of gaze samples (18),

start (horizontal :-0.415, vertical: -7.230 inches) and

end (horizontal: 2.440, vertical: -1.850 inches) radarscope coordinates,
the distance traveled (8.0528 inches),

and the duration (0.3000 seconds)

The second line is an example of the format for information related to saccades:
the start time of the observation (08:20:49.77164),

the type of observation (S:, or a saccade),

the number of point of gaze samples (2),

start and end horizontal coordinates: -7.230 -7.310 and

start and end vertical coordinates: -1.850 -2.210,

the distance traveled (0.3688 inches),

the duration (0.0167 seconds),

the average velocity (22.13 inches per second)

The third and following lines form an example of the format for information related to fixations:
On the third line:

the start time of the observation (08:20:49.85498),

the type of observation (0:, 1:, 2:, 3:, 4:, fixations on scene planes 0-4),

the number of point of gaze samples (6),
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» start and end horizontal coordinates: -7.435 -7.310 and
» start and end vertical coordinates: - -2.595 -2.195,

» the area covered traveled (0.0500 square inches),

» the duration (0.0833 seconds),

The line following the general fixation information displays the object that was closest to the
center of the fixation, in this case, USA454. The following indented lines present a list of objects
that are within a radius of 2 inches away from the center of the fixation. The format is as follows:
» the type of observation (D:, S: Dynamic or Static Objects),

» start and end horizontal coordinates: 165 165 in pixels and

» start and end vertical coordinates: 883 883 in pixels,

» the distance traveled (1.963 inches),

» the number of samples the object was within the fixation radius (6 out of 6 fixation samples)
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Appendix |
Snapshots of Fixation Distributions and Simulator Images and Data
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Figure I-1. Fixation Distribution during a 45 minute simulation of a low task load scenario
without visual noise. The units for horizontal and vertical coordinates are in pixels. The top left
corner corresponds with the top left corner of the radar scope.
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Figure I-2. Fixation Distribution during a 45 minute simulation of low task load scenario without
visual noise. The flight path of a departure, BTA3721 is superimposed. The circles represent

fixations that were identified as fixation on flight BTA3721. The units for horizontal and vertical
coordinates are in pixels.
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Figure I-3. Simulator Image of a High Task Load Scenario with Visual Noise Present.

Rings were set to 5 miles.
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Figure 1-4. Simulator data on radar scope object location and size, integrated with point of gaze
information. Small open circles represent static objects, medium open circles represent aircraft
not under control, large open circles represent aircraft under control, and solid small circles
represent point of gaze data at approximately 15 points per second.



Appendix J
Statistical Background

This section provides the reader with background information on the statistical methods used in
this report. These statistical methods are powerful tools that allow researchers to determine the
most probable outcomes of an experiment based on limited sample sizes. The following
paragraphs explain general concepts in statistics, the methods utilized in this study, and some
important considerations to use them effectively.

The purpose of any statistical experiment is to determine the effect of certain factors on one or
more outcome variabled€pendent variable orDV). An example of a DV is the number of

altitude changes an ATCS makes. This DV could be affected by the type of airspace (terminal,

en route, or oceanic), the number of aircraft flying through or to the sector, or many other factors.
The manipulated factors of an experiment ard¥se(or IV s). Each manipulation of an 1V (e.g.,

25 planes or 45 planes) forms a separate experingamtdition. Each trial under a particular
condition is termed aabservation

Experiments can include one or more IVs. When an experiment includes more than one 1V,
multiple 1Vs can affect the outcome differently. This is calleéhéeraction. It would be

impossible to study the effects of type of airspace and number of aircraft independently. When
such interactions between IVs occur, the researcher will study the effect by holding one variable
constant while varying the others. This is called testingifople effects. In this way, the

researcher obtains a picture of how the variables interact by examining the outcome of each
manipulation. When researchers study the effect of each |V separately (no interactions), it is
termed an analysis ofiain effects Main effects can only be studied in the absence of
interactions.

The number of values for the IVs included in an experiment depends on several practical
considerations. For example, if a researcher is studying the decision-making patterns of
controllers as a function of type of airspace, the values of the 1V, type of airspace (tower,
TRACON, enroute), are clear. In other cases the answer would depend upon what type of
outcome the researchers needed from the results of the experiment as well as some practical
considerations. Different values of I1Vs, terntegels can increase the number of experimental
conditions and thus increase the resources needed to complete the experiment. One can certainly
imagine the complexity and length of an experiment in which controllers with experience ranging
from 1 to 50 years creating 50 incremental levels were studied. It would be far simpler and easier
to study the effect of controller experience by using only three categories: Developmental, Full
Performance Level (FPL), and Supervisor.

What is the number of observations required for each test condition? Increasing the number of
observations increases the statistical power of the experiment. Increased statistical power means
that an increased probability exists that the outcome of an experiment will likely be true for the
entire population. However, increasing the number of observations comes at the expense of
greater numbers of participants, more time, or both. An efficient experimental design should
include enough observations for reasonable statistical power without including unnecessary
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observations that could dramatically increase demands for resources unless there was an increased
need for power.

With insight into statistical terminology as well as some background into considerations involved
in experimental design, it is now useful to look into several different categories of experiments
and statistical methods used to determine significant outcomes. For simplicity, each of the
following categories involve only a single 1V (the experience level of controllers). In increasing
level of complexity, three categories of experiments will be examined:

1. Observations on a single DV under two conditions (T-test)

2. Observations on a single DV under multiple conditions (ANOVA)

3. Observations on multiple DV under multiple conditions (MANOVA)
Each of these categories is discussed below.

Observations on a Single Variable Under Two Conditions

When a researcher wants to compare two conditions, the average of multiple observations on a
single variable are taken under two conditions, and the experimenter perfofiasta

However, an average value can often be misleading. Within a group of such observations, some
differences will exist in the individual observations that contributed to the average. Some
Developmental controllers may be faster learners than others and will use less altitude changes in
order to control traffic. The average number of altitude changes for all Developmental controllers
can include a wide range of values. The differences between the individual times and the mean
number of times represents taiability of the data. As the variability in the data increases, the
mean value is less useful to the researcher because many of the individual values are far from the
mean. Figure J-1 illustrates the variability of data.
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Figure J-1. Two sets of observations with the same means, but very different values.

If a researcher wants to compare two samples, the comparison not only involves comparing the
averages but also the variability within the observations. For this reason, the true mean (the mean
a researcher would calculate if he/she sampled the number of altitude changes for all
Developmental controllers in the world) differs from the sample mean. A researcher must ask if
the difference in the means of these two sets of observations is a true difference or caused by
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chance. This is wheggobability theory aids the researcher. Statistics can help the researcher
determine the probability that the two means for the entire population (all controllers) are
different from the sample (limited number of controllers). The statistical test used in this case is
thet-test. The t-test compares two averages and checks if the two averages are different due to
chance alone. It is important to recognize that the t-test never gives the researcher 100%
assurance that the two means actually differ. It is common practice at accept a 95% assurance
(or, in other words, a 5% risk) as sufficient guarantee.

SUMMARY OF A T-TEST: An experiment includes multiple observations on a single variable
under two conditions. The average values (means) of the two conditions takes variability into
consideration. The analyses determines the probability that the means differ due to chance alone.

Example: When one compares the number of altitude changes between Developmental and FPL
controllers at a local center, the comparison involves multiple observations. The multiple
observations consist of the number of altitude changes of each individual within the experience
level. The variable is the number of altitude changes. The conditions include the two levels of
experience. Figure J-2 is a graphical display of this example. Although it shows a difference in
number of altitude changes between the two groups, some individual observations overlap. A t-
test examines if this difference was caused by chance.
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Figure J-2. Multiple observations of altitude changes as a function of experience level.

Observations on a Single Variable Under Multiple Conditions

Where the t-test compared the averages between two conditioasatisis of variance

(ANOVA) compares averages of a single variable between multiple conditions (i.e., the number of
altitude changes including Developmental, FPL, and Supervisors). An ANOVA tests if these
averages are different due to chance alone. The basic test resufsvialaafor a single DV

(the number of altitude changes). The value of F ranges from 0 to indmit(large F value

may indicate that the IV (experience level) has a powerful effect on the DV (number of altitude
changes) with less likelihood that differences between means occurred by chance. The strength of
association (e.gn) or percent of variance explained is an indication of the difference in the

strength of effects between conditions. A difference between mesigaifscant if there is a
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very high probability that the means are actually different (usually greater than 95%). Sometimes,
there is a significant difference where the F value is relatively low. This indicates that the IV does
not have a very strong effect.

An ANOVA can show that there is a difference in means not caused by chance alone. If the
ANOVA indicated that the number of altitude changes varies with experience level, are the mean
number of altitude changes for Developmental controllers different than FPL controllers? The
mean for Developmental controllers differs significantly from those of FPL but not significantly
from those for Supervisors. Therefore, another test needs to complimeM@N&AA This test

is called gpost hoc comparison Researchers will use post hoc comparisons to determine which
of the pairs of means differ significantly.

SUMMARY OF AN ANOVA: The ANOVA compares averages of a single DV between multiple
conditions and tests if these averages are different due to chance alone. The test results in an F
value. A large F value indicates less likelihood and a small value indicates increased likelihood
that differences between means occurred by chance. A difference between sigarfgcant if

there is a very high probability that the means are actually different. A post hoc comparison
determines which means differ.

Example: When a researcher compares the number of altitude changes between Developmental,
FPL, and Supervisors at a local ARTCC, the comparison involves multiple observations. The
multiple observations are the number of altitude changes of each individual within each group.
The variable is the number of altitude changes. The conditions are the three experience levels.
Figure J-3 displays the data related to this example. Some differences in number of altitude
changes exist between experience levels, but there is overlap between observations in each
experience level. An ANOVA would determine if these differences are due to chance alone. If
the ANOVA indicated that there is some difference in experience levels regarding number of
altitude changes, post hoc comparisons would indicate which means associated with which
experience levels differ.
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Figure J-3. Multiple observations of altitude changes as a function of experience level.
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Observations on a Multiple Variable Under Multiple Conditions

Where an ANOVA compares averages between multiple conditions for a single variable (a
univariate test), themultivariate ANOVA (MANOVA) compares averages for several DVs
simultaneously and tests if these averages are different due to chance alone. Suppose that
researchers wanted to examine number of altitude changate number of heading changes.
Also suppose that the researchers wanted to test both of these measures as a function of
experience level. This presents a case of multiple DVs (number of altitude changes and number of
heading changes) and multiple conditions (Developmental, FPL and Supervisor). The
experimenters focus on how experience level affectsetaf variables(number of altitude
changesnd number of heading changes). A researcher would not do two ANOVAs for each of
the DVs (number of altitude changasd number of heading changes) because misleading
outcomes result from multiple ANOVAs. A MANOVA is more appropriate.

The basic MANOVA test results in a value calik’s Lambda (A) that includes the effects of
more than one DV (both number of altitude changes and number of heading changes). The value
of Wilk’'s Lambda ranges from zero to one. The lower the valie tie more powerful the

effect of the IV (experience level) on the set of DVs and the less likely it is that the differences
between means occurred by chance. Sometimes, there is a significant differenck where
relatively high. This indicates that the effect is not that strong.

Aiter a significant result of a MANOVA test, researchers then conduct ANOVA tests (one for
number of altitude changes and one for number of heading changes. Figure J-4 depicts an
example of the steps taken during a MANOVA. The example shown in Figure J-4 includes two
DVs.

Variable Set 1;,
Variable 1
Variable 2

Figure J-4. Example of the steps in a MANOVA.
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SUMMARY OF A MANOVA: The MANOVA compares averages for several variables
simultaneously and tests if these averages are different due to chance alone. The basic MANOVA
results in a value callefl that includes the effects of more than one DV. The lower the value of

A, the more powerful the effect of the IV on the set of DVs and the less likely it is that the
differences between means occurred by chance. After a significant result of a MANOVA, which
indicates that at least two means are statistically different for the system, researchers then conduct
ANOVAs.

Example: When one compares the number of altitude changes and number of heading changes
between Developmental, FPL and Supervisor at a local center, the comparison involves multiple
observations of two variables. The multiple observations are the number of altitude changes and
number of heading changes of each individual within the each experience level. The DVs are the
number of altitude changes and the number of heading changes. The conditions are formed by the
three experience levels. Figure J-5 displays the data for this example. Without looking at the
individual variables, one can see that the three experience levels differ. A MANOVA would
determine if chance alone caused these differences. If the differences are beyond chance (or
significant in statistical terms), ANOVAs on the individual variables are conducted.
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Figure J-5. Multiple observations of number of altitude changes and number of heading changes
as a function of experience level.

Summary

The preceding paragraphs give some insight into the statistical methods used by researchers.
Statistical methods are very powerful tools for the researcher. They tell the researcher if the
experimental conditions affect the dependent measures tested. The type of statistical test that the
researcher uses varies with the type of experiment. A good researcher will design experiments so
they can use these techniques to the fullest extent.
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Appendix K
Descriptive Statistics

Post Scenario Questionnaires

Aifter each scenario, the ATCSs rated several scenario-related items. The Post-Scenario
Questionnaire also included the six NASA TLX ratings. There were 12 participants and 8
simulation scenarios or a total of 96 observations. Equipment failure during the simulations
caused the loss of one observation. The total number of observations used in the analyses was
therefore 95.

Post-Scenario Questions

The scenarios were moderately realistic with a mean of 6.6 and moderately representative of an
average day at the Atlantic City TRACON with a mean of 6.0. The ATWIT device hardly
interfered with controlling traffic as indicated by a mean rating of interference of 1.6. The
oculometer interfered more with controlling traffic but still only moderately with a mean rating of
2.9. ATCSs rated the simulation pilots’ responses of very good quality at an 8.9 level. On
average, the ATCSs worked moderately hard with a mean of 5.1. The self-rated quality of
control was good at 7.6. The overall SA, for current aircraft location, projected aircraft location,
and potential violations were good with means of 7.8, 7.8, 7.7, and 7.8, respectively. The
scenarios were moderately difficult with a mean of 5.2 (Table K-1).

Table K-1. Post-Scenario Questions (n=95)

Variable Label Meah Sp
Realism 6.59 1.89
Representative 6.02 1.2
ATWIT Interference 1.6p 1.48
Oculometer Interference 2.93 2|09
Sim. Pilot Response 8.87 1|26
Working Hard 5.12 2.70
Quality of Control 7.5( 1.0
Overall SA 7.7% 1.66
Current Act. location SA 7.5 1.V6
Projected Act. location SA 7.Y4 175
Potential Violations SA 7.81 1.65
Scenario Difficulty 5.19 2.74

Post-Scenario TLX

The TLX scores (Table K-2) revealed that the performance and effort ratings were high with
means of 7.6 and 7.3, respectively. The level of frustration was relatively low. Mental, physical,
and temporal demand were moderate with means of 5.6, 4.1, and 4.6, respectively.
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Table K-2. Post Scenario TLX (n=95)

Variable Label Meah sp
Mental Demand 5.4 2.70
Physical Demand 4.08 2.p1
Temporal Demand 4.63 2.40
Performance 7.56 1.51
Effort 7.31 2.12

Frustration 3.8b 2.12

The workload levels found from the ATWIT ratings correlated with the workload levels found by
the TLX items in the Post-Scenario Questionnaire (Table K-3). Especially the mental demand
item correlated well with the mean ATWIT rating.

Table K-3. Correlations Between Mean and Maximum ATWIT Ratings and Post-Scenario TLX

Items
ARMean | ARMax
Mental Demand 71 .50
Physical Demand 46 43
Temporal Demand .57 .39
Performance -.20 -.22
Effort .34 A7
Frustration .53 .35

Over-the-Shoulder Rating Forms

An ATC SME conducted an OTS rating. The items on the checklist are similar to the ones used
in other studies except for five items that are replications of items on the Post-Scenario
Questionnaires and the six TLX ratings. The scale on the comparison and TLX items is 1-10.
The other items have a scale from 1-8. The dichotomy in scaling will ease the comparison of
results with previous studies and the responses of the participants.

Over-the-Shoulder Ratings

The OTS rater rated overall performance of the ATCS participants moderately good at 6.2.
Overall traffic flow efficiency was very good at 7.5. Overall Attention and SA were good at 7.0.
Overall prioritizing skills were very good at 7.5. Providing air traffic control information was

very good as well at 7.5. The overall technical knowledge of the ATCS participants was excellent
at 8.0. The communication skills of the participants were good at 7.0. Table K-4 presents a more
detailed breakdown of the OTS ratings.

Over-the-Shoulder ratings of selected Post Scenario guestions

To investigate if an OTSR can observe control strategy preferences of the ATCSs, the researchers
replicated five questions from the Entry Questionnaire to the OTS rating form. Table K-5

presents the means and standard deviations of these questions. The OTSR perceived the ATCSs
to have a preference for vertical separation and vectoring and much less for speed control. The
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OTSR rated the work level to be moderate at 5.8. The ATCSs’ performance was very good at
8.7.

Table K-4. General Over-the-Shoulder Ratings (n=96)

Label Mear Std
Overall Performance 6.18 112
Maintaining Traffic Flow 7.38 1.11
Sequencing Traffic Flow Efficiently 7.41 1.p9
Efficient Control Instructions 7.48 0.91
Overall Traffic Flow Efficiency 7.38 1.02
SA of Act. Positions 7.18 1.18
Positive Control 7.083 1.47
Detection of Control Instruction Deviation 7152 1104
Correcting Own Errors Timely 7.18 1.34
Overall Attention and SA 7.01 1.p3
Actions in Order of Importance 7.40 0/96
Preplanning Control Actions 7.48 0492
Handling Control for Several Aircraft. 7.40 1/00
Flight Strip Marking 7.501 0.92
Overall Prioritizing 7.45 0.87
Providing Essential ATC Info. 7.49 0.85
Providing Additional ATC Info. 7.51 0.86
Overall ATC Info. Rating 7.47 0.85
Knowledge of LOAs and SOPs 7/88 0.36
Knowledge of Act Capabilities 7.97 07
Overall Technical Knowledge 7.95 0427
Proper Phraseology 6.86 0{82
Clear and Efficient Communication 7119 0,89
Listening for Pilot Readbacks and Request 7.40 0.93
Overall Communication Rating 7.04 0|65

Table K-5. Over-the-Shoulder Ratings of Selected Post-Scenario Questions

Label N  Mear Std
Pref. for Vertical Separation D6 8192 1,29
Pref. for Vectoring 9b 8.24 1.60
Pref. for Speed Control 46 3.69 3[12
Working Hard 96 5.8D 2.84
Control Performance 96 8.F0 151

Over-the-Shoulder Ratings of TLX items

The OTSR rated each of the TLX items for each of the simulation runs. On average the mental,
physical, and temporal demand were moderate at 6.2, 6.0, and 6.5, respectively. The performance
rating on the TLX was very good at 8.7. The TLX effort level was moderate at 6.4. The level of
frustration was on average low at 2.8 (Table K-6).



Table K-6. Over-the-Shoulder Ratings of TLX Items (n=95)

Label Mear Std
TLX Mental Demand 6.201 2.43
TLX Physical Demand 6.04 2.8
TLX Temporal Demand 6.92 2.85
TLX Performance 8.71 1.31
TLX Effort 6.41 2.3
TLX Frustration 2.79 2.02

Visual Scanning

Several levels of data reduction formed the basis for the results presented here. Fixations,
saccades, blinks, and pupil information formed the basis for the visual scanning data set. This data
set consisted of the summary variables of 5-minute intervals. This section on descriptive statistics
presents the summary statistics across these 5-minute intervals across all conditions. In this
experiment, the researchers distinguished three levels of detail in eye movement characteristics.
The first level focused on general eye movement characteristics, without making a distinction
between objects or groups of objects at which participants looked. The second level focused on
scene planes or surfaces on which the ATCSs rested their gaze (radarscope, keyboard area, flight
progress strip bay, and ATWIT device).

General Eye Movement Characteristics

The first level of detail included all eye movement characteristics (fixations, saccades, blinks, and
pupil). The general visual scanning variables used in the analyses are the mean values of a 5-
minute interval (Table K-7). Table K-8 presents the percentage of time spent on fixations,
saccades, and blinks. Each 5-minute interval contained approximately 426 fixations. On average,
the participants spent 78% of the time in fixations. The average fixation duration was 560 ms.
During fixations, small eye movements occurred that resulted in average area coverage of 0.67
square inch (435 mn The participants’ eyes moved in saccades approximately 17% of the time.
The saccades lasted an average of 120 ms. The mean distance traveled between two fixations was
3.30 inches (77.19 mm). The mean pupil diameter was 5.87 mm. On average, participants
blinked 81 times per 5-minute interval. Blinks accounted for 7% of the time. The mean blink
duration was 250 ms. During closure of the eyelids, the eyeitaragel. The distance traveled

within a blink was 9.18 inches (23.32 mm).
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Table K-7. General Visual Scanning Variables (n=864)

Variable Label Meah Sp Units
Fixation Number 426.00 50.00

Fixation Mean Duration 560.00 7800 ms
Fixation Area Mean 0.47 0.12 inth
Visual Efficiency 0.82 0.04

Total Fixation Time 235.00 20.00 secand
Saccade Number 431.00 55(00

Saccade Mean Duration 120}00 19.00 ms
Saccade Mean Distance 3130 0.59 inch
Eye Motion Workload 4.76 1.09 inch/gec
Total Saccade Time 50.p0 10|00 segond
Pupil Mean Diameter 5.87 1.07 nm
Pupil Motion Workload 0.0p 0.03 mm/sec
Blink Number 81.00 31.40

Blink Mean Duration 253.00 132.00 ms
Blink Mean Distance 9.18 4.02 inch
Total Blink Time 21.34 15.03 secopd

Note that the mean 5-minute interval data formed the basis for the calculation of the percentage of
time. The total of the percentage spent on fixations, saccades, and blinks therefore does not add
to 100 percent due to inherent rounding error (K-8).

Correlations

Table K-8. Total Fixation, Saccade, and Blink Time (sec.)

Variable Label Meah Sp Percent
Total Fixation Time 234.68 20.12 7823
Total Saccade Time 49.B1 10|31 14.60
Total Blink Time 21.34 15.03 7.11

Considering the correlations between general eye movement related variables, the number of
saccades is not included in the inferential statistical analysis. With a correlation coefficient of 0.99
between the number of saccades and the number of fixations, these two variables represented the
same phenomenon. Table K-9 presents the correlations among general eye movement-related
variables. What is striking about the table of correlations is the apparent independence of the
various measures. Given the integrated nature of vision, it would not have been surprising to see
more redundancy in these measures.



Table K-9. Correlations Between General Eye Movement Related Variables
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Saccade Mean Duration 1 0.6 0.48 -0.28 (.19 0.3 -0.21 0.25 051 -0.12 -0.4 -0.16 -0.74
Saccade Mean Distance 1 076 -0.2 Q.17 0.3 -0.42 0.14 |0.15 -0.35 -0.34 -0.26 -0.49
Eye Motion Workload 1 -0.08 -0.16 0.19 -0.26 0.2 0 0.02 -0.57 -0.38 -0.66
Blink Number 1 -0.09 -0.11 0.37 -0.11 -0.11 048 -0.11 C.13 0.08
Blink Mean Duration . 0.07 -0.35 -0.15 0.15 -0.28 -0.15 -0.13 -0.22
Blink Mean Distance 1 -0.19 0.14 0.04 -0.08 -025 -0.1 0.3
P upil Number 1 0.2 -0.18 0.79 0.38 0.31 034
Pupil Mean Diameter 1 -01 0.8 -0.06 -0/04 -0.13
P upil Motion Workload . -0.15 -0.23 -0.08 -0.34
Fixation Number 1 -0.16 -0.04 -0.1
Fixation Mean Duration 1 049 081
Fixation Area Mean 1 0.45
Visual Efficiency 1

Scene Plane Fixations

The second level of eye movement data included fixations, broken down by the scene plane on
which they rested. Table K-10 and Table K-11 present the scene plane scanning variables and the
distribution of total fixation times across scene planes respectively. The participants fixated 58%
of the total time or 75% of the fixation time on the radarscope. The mean duration of the
radarscope fixations was 620 ms. Participants spent only 0.5% of the total time or 0.6% of the
fixation time on fixations on the ATWIT device. The mean ATWIT fixation duration was 610

ms. Fixations on the flight strip bay accounted for 2.2% of the total time or 2.9% of the fixation
time. The mean duration of flight strip bay fixations was 320 ms. Participants fixated on the
keyboard/mouse Area for 17% of the total time or 21.7% of the fixation time. The mean duration
of the keyboard/mouse area fixations was 450 ms.
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Table K-10. Scene Plane Visual Scanning Variables (n=864)

Variable Label Meah Sp Unifs
Radarscope Number 290]96 53.13
Radarscope Mean Duration 620.00 110.00 ms
Radarscope Total Duration 175(46 26.62  secpnds
ATWIT Number 2.84 2.7

ATWIT Mean Duration 610.00 410.00 ms
ATWIT Total Duration 1.49 1.00 seconds
Flight Strips Number 19.03 21.81

Flight Strips Mean Duration 320.p0 130{00 ms
Flight Strips Total Duration 6.74 9.20  secopds
Keyboard/Mouse Number 11316 42|70
Keyboard/Mouse Mean Duration 450}00 9§.00 ms
Keyboard/Mouse Total Duration 51)00 2057  seconds

Note that the amount of time spent looking at the ATWIT device was on average 1.5 seconds per
5-minute interval (Table K-11).

Table K-11. Cumulative Fixation Duration for the 4 Scene Planes: Radarscope, ATWIT Panel,
Flight Strip Bay, and Keyboard Mouse Area

Variable Label Mean SD Percent| Percent
Total Time | Fixation
Time
Radarscope Total Duration 175|46 26.62 58.48 14.76
ATWIT Total Duration 1.49 1.00 0.50 0.64
Flight Strips Total Duration 6.74 9.P0 225 287
Keyboard/Mouse Total Duration 5100 2057 17.00 201.73

The correlations between the number and duration of fixations on different scene planes were low.
The highest correlation occurred between the mean duration of fixations on the flight strip bay
and the duration of fixations on the keyboard area35). The distribution of the fixations

across the scene planes therefore did not seem to follow a fixed pattern.

Radarscope Fixations

The third and most detailed level of analysis focused on object fixations on the Plan View Display.
The main information display in air traffic control is the PVD or radarscope. The objects of
fixations on the PVD were data blocks, CA/LA, other statics (airports, fixes, VORSs, etc.),

preview area, system area, and the tablist area. The researchers calculate the mean duration,
number of fixations, and the total duration for each of these categories. The researchers also
expressed the total duration in percentage of the total time, percentage of the total fixation
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time, and percentage of the total fixation time on the radarscope. Table K-12 presents the number
and duration of the fixations on radarscope objects. Table K-12 presents the overall mean fixation
durations and their standard deviations.

The participants spent on average 92% of their time on the radarscope looking at aircraft data
blocks. On average, ATCSs looked at the aircraft representations on the radarscope 251 times in
a 5-minute interval, or roughly 50 times-per-minute. The average fixation duration on aircraft
representations was 660 ms. The CA/LA area accounted for a negligible small percentage of the
fixated time (visited approximately once every 20 minutes). ATCSs looked at CA/LA with
average fixation duration of only 30 ms. ATCSs rested their gaze on static objects in 2% of the
time fixated on the radarscope. In a 5- minute interval, 8 of the participants’ fixations rested on
static objects. The average duration of these fixations was 150 ms. Participants fixated on the
preview area in 2% of the time of the radarscope fixations. The participants looked at the
preview area an average of approximately six times every 5 minutes. The mean duration of the
fixations on the preview was on average 150 ms. ATCSs fixated on the system area 2% of the
time of the radarscope fixations (visited an average of approximately 9 times). The fixations on
the systems area lasted 380 ms. Lastly, ATCSs fixated on the tab list in a negligible small
percentage of the time of the radarscope fixations (visited on average of three times per 5
minutes). The fixations on the tab list lasted 160 seconds.

Table K-12. Radarscope Objects

Variable Label Meah Sp Units
Data Block Mean Duration 660.00 130]00 Ms
Data Block Number 250.72 59.66 Frequgncy
Data Block Total Duration 161.07 3399 Secdnds
CA/LA Mean Duration 30.00 110.00 Ms
CA/LA Number 0.23 0.8[L Frequenicy
CA/LA Total Duration 0.0Y 0.2/  Seconds
Other Statics Mean Duratiopn 150{00 17(Q.00 Ms
Other Statics Number 8.84 17]24 Frequency
Other Statics Total Duration 2.86 6{71 Seconds
Preview Mean Duration 400.00 320|00 Ms
Preview Number 5.7 7.22 Frequepcy
Preview Total Duration 2.69 3.95 Seconds
System Mean Duration 380.00 220,00 Ms
System Number 8.78 8.89 Frequency
System Total Duration 3.92 495 Seconds
Tab list Mean Duration 160.00 280400 Ms
Tab list Number 1.54 3.16 Frequency
Tab list Total Duration 0.64 1.56 Seconds




Table K-13 clearly shows that the most important elements on the radarscope were aircraft. On
average, aircraft fixations constituted 92% of the fixation time on the radarscope.

Table K-13. Cumulative Fixation Duration on Objects on the Radarscope

Variable Label N Meah Sp Percent Percent Percent Radarscope
Total Timg Fixation Timg Fixation Time
Aircraft Total Duration 864 161.07 33.P9 54/00 69.00 92.00
CA/LA Total Duration 864 0.0 0.27 0.00 0.00 0(00
Other Statics Total Duratior]  8p4 2186 6.71 1.00 1.00 2.00
Preview Total Duration 844 2.69 3)95 1{00 1.00 2.00
System Total Duration 864 3.p2 495 1.00 2.00 .00
Tab list Total Duration 864 0.64 1.66 0/00 0.00 0.00
ATWIT

Equipment failure caused the loss of data for one simulation scenario. For this simulation, the
researchers substituted the overall mean value for the ATWIT variables for each interval. The
data set used for the descriptive statistics contained 96 observations. The ATWIT ratings showed
a trend as a function of interval number (Table K-14), reflecting the buildup of traffic during the

first 10-15 minutes of the scenarios.
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Table K-14. ATWIT Ratings as a Function of Simulation Interval (n=96)

Interval Low Load High Load

Means | SDS Mean4 SOs Mearhs SPs

1 1.50 1.84 1.67 0.70 1.58 138

2 2.00 257 3.67 235 2.83 28

3 225 20 4.83 247 354 263

i 4 3.13 2.49% 4.67 197 3.90 2B5
% 5 3.38 25 438 2.44 3.88 26
z 6 3.92 212 479 213 435 25
7 3.75 231 492 244 433 2B3

8 1.67 1.9 521 2972 344 284

9 2.17 3.0 5.50 2.§7 3.83 3p7

1 1.13 0.34 142 184 127 1B2

2 1.54 0.7% 2.63 246 2.08 18

3 2.08 1.89 3.79 232 2.94 2p6

o 4 2.50 1.94 550 2.13 4.00 25b3
§ 5 233 131 6.67 1.95 450 2f4
6 2.67 1.99 6.71 2.5 469 286

7 2.38 204 6.33 243 435 2P9

8 246 1.9 538 234 3.92 260

9 3.13 2.92 3.67 3.31 3.40 3M10

1 1.31 1.3% 1.54 138 143 1B5

2 1.77 1.8 3.15 244 246 2p8

3 217 194 431 248 3.24 246

4 281 224 5.08 247 3.95 243

5 2.85 2.09 552 2349 419 256

6 329 21 575 2.48 452 2b2

7 3.06 2.2( 5.63 242 434 266

8 2.06 1.94 529 241 3.68 22

9 2.65 2.99 4.58 3.40 3.61 3p3
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The ATWIT latencies showed a similar increase at the onset of a scenario, although the effect was
not as pronounced as in the ATWIT ratings themselves (Table K-15).

Table K-15. ATWIT Latencies as a Function of Simulation Interval (n=96)

Interval Low Load High Load
Means | SDs Means| SDs Meanis SD3
1 3.13 3.99 2.75 1.7 2.94 301
2 4.75 5.3 3.79 5.30 4.27 5p7
o 3 3.33 4.21 5.13 6.47 4.23 547
.g 4 6.13 5.97 4.42 4.18 5.27 542
pd 5 5.00 6.07 2.88 4.18 3.94 5p7
3 6 3.83 4.4 3.38 4.37 3.60 480
7 4.79 573 2.83 311 3.81 4.88
8 4.29 5.24 4.46 5.8 4.38 5111
9 5.50 6.84 6.29 7.9 5.90 6.0
1 2.54 1.53 2.96 3.94 2.75 2.6
2 2.67 2.3% 4.29 5.47 3.48 4.5
3 4.54 4.4% 5.42 6.37 4.98 544
@ 4 4.88 4.5% 4.54 6.40 4.71 5.8
o 5 4.96 5.09 4.21 5.41 4.58 511
= 6 4.46 4.94 4.88 511 4.67 5.p9
7 4.13 4.3% 3.50 534 3.81 481
8 4.92 4.7¢ 3.13 4.18 4.02 463
9 5.42 6.32 6.33 6.98 5.88 6.60
1 2.83 3.01 2.85 2.97 2.84 517
2 3.71 4.19 4.04 5.34 2.97 414
3 3.94 4.31 5.27 6.35 3.88 4.82
4 5.50 5.29 4.48 5.48 4.78 31
5 4.98 5.54 3.54 4.42 4.60 482
6 4.15 4.64 4.13 5.405 5.44 4.p0
7 4.46 5.08 3.17 4.56 4.99 4.80
8 4.60 4.96 3.79 4.45 5.38 5.89
9 5.46 6.51 6.31 6.96 4.26 6.[72

Performance Measures

The data reduction and analysis (DRA) program reduced the simulator data files, the simulation
pilot command files, the push-to-talk (communication), and the ATWIT files to a set of 41
variables. These variables were divided into Conflict, Complexity, Error, Communications, and
Task Load variables.

Conflicts

The DRA module calculated the number and duration of standard, terminal, longitudinal, and
parallel conflicts. The DRA module originally reduced data of experiments with IFR aircraft ILS
approaches only. In the current experiment, however, both IFR and VFR aircraft and visual
approaches were present. These variables are indicators of how close a ATCS works traffic.
They are not the number of times an ATCS violated separation requirements.
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Table K-16 summarizes the means and standard deviations for the conflict related variables. On
average, there were 3.2 standard conflicts per 45-minute simulation. These conflicts lasted
approximately 4 minutes and 20 seconds. Terminal Conflicts occurred 1.6 times per scenario for
a total of about 1 minute and 20 seconds. Less than one longitudinal conflict occurred per
scenario, on average lasting less than 50 seconds. No Parallel Conflict Information was recorded.
The number of recorded Between Sector Conflicts was approximately 5.5 per 45-minute scenario.
The cumulative Duration of Between Sector Conflicts within a scenario was approximately 5

minutes and 45 seconds. The Closest Point of Approach was less than 2800 feet with a

Horizontal Separation of less than 2200 feet and a vertical separation of less than 480 feet. The

aircraft Proximity Index during this experiment averaged almost 27.5.

Table K-16. Mean and SDs of DRA Variables Related to Task Load as a Function of Task Load
and Visual Noise

Low Load High Load
Means |  SDs Means | SDs Mean$ SDs

No Standard Conflicts 2.21 1.44 0.83 1.05 2.76 1.77
Dur Standard Conflicts 222.42 629.98 150.33 482.71 180.94 449.88
No Terminal Conflicts ( 3/500) 0.29 0.46 0.17 0.38 0.48 0.68
Dur Terminal Conflicts (3/500) 8.17 15.35 3.38 1024 19.40 41.23

@ | No Longitudinal Conflicts 0.46 0.78 0.33 0.48 0.74 1,00

'<23 Dur Longitudinal Conflicts 36.83 69.9p 17.75 27.06 44.42 68.58

o | No Between Sector Conflicts 2.63 2.24 3.33 117 4.21 2.66

Z | Dur Between Sector Conflicts 147.00 141,04 169.67 130.98 282.28 2P5.95
Closest Point of Approach (Feet) 4393.92 5804.33 3728.83 5299.35 2595.69 4473.78
CPA Horizontal Separation 4223.00 5900/05 3563.75 5385.99 2358.60 4567.23
CPA Vertical Separation 556.42 306.82 493.17 275.18 516.99 229.31
Aircraft- Proximity- Index (0-100) 19.54 26.67 28.08 29.32 22.02 20.09
No Standard Conflicts 3.32 1.92 6.79 3.p4 3.81 3.97
Dur Standard Conflicts 139.46 114.57 523.67 434.68 337.00 492.87
No Terminal Conflicts ( 3/500) 0.67 0.81 5.25 2.9 2.71 3.04
Dur Terminal Conflicts (3/500) 30.64 54.83 306.63 190,18 155.00 203.05
No Longitudinal Conflicts 1.03 1.1 1.50 1.18 0.92 1,07

ﬁ Dur Longitudinal Conflicts 52.01 67.84 77.71 72.60 47.73 62.09

§ No Between Sector Conflicts 5.79 2.04 10.21 2\70 6.77 4.04
Dur Between Sector Conflicts 417.56 215,03 648.67 181.86 409.17 288.38
Closest Point of Approach (Feet) 797.45 678,83 599.63 318.23 2164.23  4036.38
CPA Horizontal Separation 494.20 749.25 430.79 276.28 1997.27 4091.36
CPA Vertical Separation 477.56 101.86 395.83 207.43 444.50 246.03
Aircraft- Proximity- Index (0-100) 24.50 10.02 37.75 32.41 32.92 30.96
No Standard Conflicts 1.52 1.43 5.05 3.82 3.29 3.10
Dur Standard Conflicts 186.38 556.39 331.56 370.71 258.97 475.89
No Terminal Conflicts ( 3/500) 0.23 0.42 2.96 2.87 1.60 2.46
Dur Terminal Conflicts (3/500) 5.77 13.13 168.63 196(47 87.20 160.88
No Longitudinal Conflicts 0.40 0.64 1.26 1.16 0.83 1,03
Dur Longitudinal Conflicts 27.29 53.38 64.86 70.71 46.07 63.09
No Between Sector Conflicts 2.98 1.80 8.00 3125 5.49 3.64
Dur Between Sector Conflicts 158.33 135/13 533.11 229.02 345.72 265.46
Closest Point of Approach (Feet) 4061.38  5508.40 698.54 533.90 2379.96 4243.76
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Complexity

The average system activity was 16. The average number of altitude changes was approximately
25 per scenario. A 45-minute simulation contained approximately 28 heading changes. ATCSs
instructed aircraft to change their speeds less than two times per scenario. Table K-17
summarizes the means and standard deviations for complexity related variables.

Table K-17. Means and SDs of Complexity Related Variables as a Function of Task Load and

Visual Noise
Low Load High Load
Means| SDs Meanls SDp Medns SDs
o Average System Activity 456 090 1319 2|68 7.47 4.10
"25 Number of Altitude Changes 19.42 5]46 17.79 .58 25.32 10.01
2 Number of Heading Changes 19.88 10.12 18.71 [6.57 28.39 [14.50
Number of Speed Changes 217 1.97 0.29 055 1.80 [1.72
Average System Activity 10.37 3.9 36.15 6194 24.67 1p.71
% Number of Altitude Changes 31.22 10§11 30.29 1].07 24.04 10.73
Z |Number of Heading Changes 36.90 13.27 43.71 135.39 31.21 |17.22
Number of Speed Changes 143 1.37 292 [B.05 1.60 |254
Average System Activity 8.88 4.9 23.26 1418 16.07 1p.77
Number of Altitude Changes 18.60 5|52 30.76 10.50 24.68 ]10.34
Number of Heading Changes 19.29 4§46 40.30 14.63 29.80 [15.90
Number of Speed Changes 1.23 1.72 218 |R.46 1.70 |2.16

Error

The error-related variables contributed relatively little to insight in the performance of the ATCSs
in this study. The simulation pilots did not execute missed approaches. The ATCSs nor did not
issue hand-offs outside the sector boundary. The number and duration of turns and holds were
extremely low. Interestingly enough, the DRA found an average of five Start Point Delays with
an average Start Point Delay Duration of 35 seconds. Most likely, this was due to delays in the
simulation software because the current study did not contain aircraft that needed a manual
release. ATCSs did not have the option to hold traffic at the airport as a tool to control traffic
flow. Table K-18 summarizes the means and standard deviations for error related variables.

Table K-18. Mean and Standard Deviation of Error Related Variables

Variable Mean S
No Missed Approaches 0.p0 0]00
No Hand-offs Outside Boundary 0J00 0,00
No Turn/Hold Delays 0.10 0.30
Dur Turn/Hold Delays 5.99 23.05
No Start Point Delays 5.00 2.27
Dur Start Point Delay 35.67 208,80
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Communications

The average number of ATCS messages per simulation run was approximately 36, and the
number of pilot keystrokes totaled about 480. Table K-19 summarizes the means and standard

deviations for communications-related variables.

Table K-19. Mean and Standard Deviation of Communications-Related Variables

Task Load

Variable Mean SD
No Ground-to-Air Contacts 4.11 2805
Dur Ground-to-Air Contacts 18.07 115]00
No ATCS Messages 35./6 17|07
No Pilot Message Key Strokes 479.36 218.29

The average number of aircraft handled was approximately 26. The cumulative time ATCSs had
aircraft under control averaged almost 19,800 seconds or 5 hours and 30 minutes. The aircraft
under control flew an average of a cumulative distance of 1ii88. On average, the number of
arrivals, departures, and accepted hand-offs were 5.5, 7.5, and 10.5, respectively. Aircraft arrived
every 2 minutes and 40 seconds and departed every 6 minutes and 30 seconds. Table K-20
summarizes the means and standard deviations for task load-related variables.

Table K-20. Mean and Standard Deviation of Task Load-Related Variables

Variable Mean SD
No Aircraft Handled 26.36 8.01
Time Under Control 19734.%1 733047
Distance Flown 1624.06 340461
No Completed Flights 7.61 2.p0
No Arrivals 5.56 3.0
Ave Arrival Interval (Seconds) 221.82 133}54
No Departures 7.36 2.63
Ave Departure Interval (Seconds) 390.34 15b.98
No Hand-offs Accepted 10.46 377
Hand-off Accept Delayime 0.04 0.00




Appendix L
Detailed Results of Selected Statistical Analyses

Table L-1. MANOVA Results for General Post-Scenario Questions

Effect Wilk's' Lambda F Num DF| Den DH p< .05
Load x Visual noise 413 2.663 3 1p .0486
Load .021] 89.261 B 15 .000Q
No Visual noise .041 44.301 B 15 .000Q
Visual noise .078 22.082 B 15 .000Q
Visual noise 370 3.191 3 1p .025
Low Load 531 1.658 3 1p .190
High Load 414 2.659 3 1p .049

Table L-2. Load and Visual Noise Interaction on General Post-Scenario Questions

Ques # Variable DE Type lll S Mean Squdre F p<.05
1 Realism 1 1.16B 1.168 650 429
2 Representativeness 1 4.175 4075 21150 .157
3 ATWIT Interference 1 0.200 0.200 0.590 .452
4 Oculometer Interference 1 0.830 0.830 0J790 .383
5 Simulation Pilot Performange 1 2.625 2.625 3/110 .092
7 Working Hard? N 12.676 12.6[76 9.240 .0086
8 Control Quality 1 7.358 7.353 8.1p0 .009
13 Difficulty 1 11.90§ 11.908 11.210 .003

Table L-3. Effect of Task Load on Individual General Post-Scenario Questions

Ques # Variable DE Type lll S Mean Squdre F p<.05
1 Realism 1 5.709 5.709 2.370 .138
2 Representativeness 1 28.144 28(144 §.170.009
3 ATWIT Interference i 3.234 3.284 9.900 .005
4 Oculometer Interference 1 0.858 0.858 0/530 .473
5 Simulation Pilot Performange 1 5.100 5.100 64590 .018
7 Working Hard? N 349.285 349.285 296.660 .00Q
8 Control Quality 1 29.739 29.789 14.440 .001
13 Difficulty 1 400.941 400.941 263.880 .00Q

Table L-4. MANOVA Results for Post-Scenario SA Related Questions

Effect Wilk's' Lambda F Num DH Den DF p<.05

Visual noise .552 3.863 4 1p .018
Load 316 10.308 i 19 .000
Load x Visual noise .668 2.366 4 1p .089




Table L-5. Effect of Task Load on Individual SA Related Post-Scenario Questions

Variable DR Type lll S§ Mean Square F p<.05
Overall SA 1 37.816 37.816  25.190 .000
Current ACFT Location SA 1 48.5P5 48.5925 42.p80 .000
Projected ACFT Location SA 1 41.6090 41.690 32850 .000
Potential Violations SA 1 22.224 22.224  13.030 .002

Table L-6. Effect of Visual noise on Individual SA Related Post-Scenario Questions

Variable DK Type Il S5 Mean Square F p<.05
Overall SA ] 4.062 4.062 3.950 .059
Current ACFT Location SA 1 6.905 6.905 5.460 .029
Projected ACFT Location SA 1 6.3[74 6.374 5.830.025
Potential Violations SA 1 13.3%8 13.358  14.630 .00

Table L-7. MANOVA Results of Post-Scenario TLX ltems

Effect Wilk's' Lambda| F |Num DF| Den DKp < .05
Load x Visual noise 545  2.363 B 1ff .074
Load .06Q 45.17% 5 17 .000
Visual noise 518 2.633 b 17  .054

Table L-8. Effect of Task Load on Individual TLX Items in the Post-Scenario Questionnaire

Variable DH Type lll S§ Mean Square F p<.05
Mental Demand i 328.716 328.116 222.270 .00(Q
Physical Demand 1 150.2011 150.211 41]910 .00Q
Temporal Demand 1 242.6[/1 242.671 99,950 .00(Q
Performance 1 15.394 15.394 8.720 .007
Effort 1 44.421 44.425 23.840 .00(Q
Frustration 1 170.2744 170.2[74 80.050 .00(Q

Table L-9. MANOVA Results for Mean and Maximum ATWIT Ratings

Effect Wilk's' Lambda F Num DH Den DFp < .05
Load x Visual noise .702 4.453 D 21 .024
Load 159 55.738 P 21 .000
No Visual noise .093 102.96p P 21 .000
Visual noise .330 21.304 P 21 .000
Visual noise .988 0.129 D 2l .879
Low Load .849 1.861 D 21l .180
High Load .856 1.767 P 2 .195

Table L-10. Univariate Interaction of Load and Visual Noise on ATWIT Mean and Maximum

[¢]

Load x Visual noise| DF| Type lll SS Mean Squar
ATWIT Mean 1 1.960 1.96]

F p<.05
3.690 .068

[=)




[ATWIT Maximum [1 | 29.739 29.739  9.190 .00

Table L-11. Univariate Effect of Task Load on ATWIT Mean and Maximum

Load DF | Type Il SS | Mean Square F p < .05
ATWIT Mean il 110.40% 110.495 92.3)70 .000Q
ATWIT Maximum 1 136.728 136.728 18.5p0 .000

Table L-12. MANOVA Results on General Eye Movement Characteristics

Effect Wilk's' Lambda F Num DH Den Dkp < .05
Load x Visual noise 617 2.239 b 1B .095
Visual noise 900 0.409 b 1B .836
Load 350 6.680 b 1B .00%

Table L-13. Effect of Task Load on General Eye Movement Characteristics

Variable DF | Type Il SS Mean Square F p<.05
Number of Fixations 1 186469.740  186469.740 41240 .051
Mean Fixation Duration| 1 0.004 0.004 2.170 55
Mean Fixation Area 1 0.0%9 0.0p9 19.540 .p00
Visual Efficiency 1 0.o0 0.001 0.890 357
Mean Saccade Duration 1 0.000 0.p00 0/160 .692
Mean Saccade Distance 1 0.407 04407 4310 .050
Eye Motion Workload 1 0.217 0.217 0.590 451
Number of Blinks 1 119114.555  119114.555 3.040 095
Mean Blink Duration 1 0.0Q0 0.000 0.000 .960
Mean Blink Distance 1 4.224 4.2p4 0.610 442
Mean Pupil Diameter 1 0.215 0.215 0.920 .B47
Pupil Motion Workload | 1 0.0q0 0.000 0.440 516

Table L-14. MANOVA Results on Scene Plane Fixation Characteristics

Effect Wilk’'s' Lambda | F Num DH Den DF p<.0pb
Load x Visual noise | .251 14.2P0 4 19 .000
Visual noise .639 2.700 4 19 .063
Low Load .460 5.58D 4 19 .004
High Load 415 5.070 5 18 .005
Load 110 38.490 4 19 .000
No Visual noise 213 17.595 4 9 .Joo
Visual noise 119 26.596 5 18 .000




Table L-15. Effect of Task Load and Visual Noise Interaction on Scene Plane Fixations

Variable DR Type lll S§ Mean Square F p < .05
Radarscope Fixations 1 248482.800 248482.300 15.62M01
Radarscope Mean Duration 1 0.026 04026 17.490000
Flight Strip Bay Fixations 1 25091.1)0 25091.170 14{720.001
Flight Strip Bay Mean Duratioh 1 0.0p1 0.001  0.460 .504
ATWIT Fixations 1 15.588 15.583 0.1{10 .742
ATWIT Mean Duration | 0.008 0.008 0.450 .508
Keyboard Area Fixations 1 19481.580 19481/580 11060314
Keyboard Area Mean Duratior 1 0.g21 0.p21  8J520.008

Table L-16. MANOVA Results on Radarscope Fixations

Effect Wilk's' Lambda F Num DH Den DF p< .05
Load x Visual noise 151 19.198 5 17 .000
Visual noise 157 14.320 ] 16 .000
Load 151 15.034 5 16 .000

Table L-17. Interaction Effects of Task Load and Visual Noise for Radar Object Related

Fixations

Variables DK Type Il S5 Mean Square F p<.05
System Area Fixations 1 5273.424 5273.824 10,540004
System Area Mean Duratign 1 0.017 0.p17  2{920102
Static Object Fixations 1 -- -- -- --
Static Object Mean Duratign |1 0.059 0.059 12/910.002
Tab List Fixations I 1633.818 1633.818 20.850.000
Tab List Mean Duration 1 0.117 0.117 6.470.019
Preview Area Fixations 1 1997.909 1997.p09  4{100055
Preview Area Mean 1 0.004 0.008 1.000 .329
Duration

Aircraft Fixations 1 948841.000 948841.000 46.850.000
Aircraft Mean Duration 1 0.089 0.059 28.220 .000

Table L-18. Effects of Task Load for Radar Object Related Fixations

Variables DK Type Il S5 Mean Square F p<.05
System Area Fixations 1 12947480 12947{480 22.380000
System Area Mean Duratign | 1 0.188 0.188 44(090000
Static Object Fixations 1 69790.5960 69790.560 47500000
Static Object Mean Duratign |1 0.005 0.005 0.600.448
Tab List Fixations il 30.168 30.168 0.480 .386
Tab List Mean Duration 1 0.067 0.067 1.740.201
Preview Area Fixations 1 10293.470 10293/770 13.700001
Preview Area Mean 1 0.001 0.00L 0.110 .742
Duration




Aircraft Fixations 1 621127.500 621127.300 11.760.002
Aircraft Mean Duration L 0.006 0.006 1.790 .194

Table L-19. Repeated Measures Analysis Results VFR X Condition Interaction for General Eye
Movement Characteristics

Variables Wilk's' Lambdp F Num DH Den DF p < .0§
Number of Fixations .833 0.400 4 B .804
Average Fixation Duratiof 541 1.698 4 B .243
Average Fixation Area 713 0.806 4 8 .555
Visual Efficiency 491 2.076 4 B .176§
Average Saccade Duratign 305 4.558 4 B .033
Average Saccade Distange 438 2.567 4 B .119
Eye Motion Workload 582 1.436 4 B .307
Number of Blinks .649 1.082 4 B .426
Average Blink Duration 460 2.351 4 B .14
Average Blink Distance 900 0.224 4 8 .91§
Pupil Diameter 463 2.319 4 B .145
Pupil Motion Workload 463 2.319 4 8 .145

Table L-20. Main Effect of the Presence of VFR Intrusions on Eye Movement Variables

Effect: VFR Wilk's' Lambda F | Num DH Den DI p < .05
Number of Fixations 845 2.018 L 1L .183
Average Fixation Duratior 984 0.179 L 11 .68
Average Fixation Area 898 1.247 L 11 .288
Visual Efficiency 1.00p 0.000 1 11 1.0po
Average Saccade Duration 939 0.714 L 11 .416
Average Saccade Distange 97 0.271 L 11 .613
Eye Motion Workload 952 0.552 L 1 .473
Number of Blinks .844 2.031 L 1L .182
Average Blink Duration 920 0.951 L 11 .350
Average Blink Distance 979 0.273 L 1L .612
Pupil Diameter .850 1.93% L 1L .192
Pupil Motion Workload 731 4.053 L 11 .069

Table L-21. Effect of Radarscope Objects on Fixation Duration

Effect Wilk's' Lambda F Num DH Den DF p < .05
Objects .01§ 239.810 4 18 .000
Load 717 8.300 L 21 .009
Visual nois¢ 1.000 0.000 1 P1  1.000
Objects x Load .356 8.158 4 18 .001
Objects x Visual noige .894 0.534 4 1B .713
Load x Visual noise .392 32.521 il 2L .009Q
Objects x Load x Visual noise .557 3.573 4 18 .026
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Appendix M
Other Analyses Opportunities

The combined oculometry and simulator data sets lend themselves to other forms of analyses. For
example, for each fixation this data point included the targets that were within a circle with a 2

inch radius. Researchers can calculate a transition probability (or Markov) matrix, when choosing
targets closest to the fixation. This matrix represents the probability that target B follows target

A and vice versa. SA studies have suggested that ATCSs group the aircraft in their airspace. If
the visual scan reflects this grouping, the Markov matrix will reflect this. E898) suggested

that experts are likely to scan a display in a stratified random manner, resulting in a symmetrical
Markov matrix. It is interesting, that these analytical techniques were developed for stationary
objects. In our facility, the objects are moving targets linking the fixations with the objects.

Data on each fixation also contains information on its coordinates. Researchers can calculate the
number of fixations per segment and the number of transitions between segments by breaking up
the radarscope into polar coordinates. TRACON ATCSs will indicate that they scan inside out,
that is from the center of the radarscope (the airport) to the edge of the radarscope. They explain
this by pointing at the fact that the airport is the sink of the problem, all arriving aircraft will
converge to that point and all departing aircraft will appear at that point. By starting to solve
problems in the center of the scope, the ATCS starts at most likely the highly congested point.
Using a Markov matrix based on polar coordinate segments, researchers visualize the probabilities
of moving from one segment to the next. If inside out scanning exists, this will result in increased
probabilities for transitions from segments that are closer to the airport or center of the
radarscope than for segments that are more distant.

Others (Credeur et al., 1993; Hilburn & Parasuraman,)9@&e used a division of the

radarscope in sections and looked at transitions between these sections. The division of the
radarscope in sections is arbitrary. Hilburn and Parasuraman used a grid consisting of squares to
calculated the entropy in the visual scene of ATCSs and found a structured scan. By basing his
divisions purely on radarscope location, this result should not be a surprise. After all, the airspace
structure includes airways and approach patterns. It will therefore be less likely that fixation
transitions occur between areas where no structural elements exist and areas that contain
structural elements. A study by Credeur et al. (1993) provides a better approach. This study
used transitions between structural elements.

The division of the airspace in sections in reality assigns fixations to bins based on the location on
the radarscope. There are alternatives that do not use the fixation location. The alternative
methods may shed more light on cognitive processes used by ATCSs during visual sampling of
the information available on the radarscope. By dividing fixations by the object fixated upon,

! Dynamic Decision aiding in air traffic control: A bio-behavioral analysis. B. Hilburn and
R. Parasuraman, 1996, Vivek (1), 30-38.
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researchers obtain the structure in the visual scan between objects. This has the potential to
reveal scanning strategies or grouping of objects used by ATCSs.

Researchers base another potentially useful division of fixations on the distance between
subsequent fixations. By creating bins based on inter-fixation distances, one can reveal the
tightness of the visual scan. A high number of transitions between or within bins that represent
short distances could indicate closed loop control in the visual system. Transitions between long
distance bins would indicate situations where local feedback cannot be used. This would indicate
higher level cognitive processes often thought to exist in open loop control.

Finally, one of the goals of the visual scanning research program is to develop measures that
guantify the nature of visual scanning patterns. Few, if any, studies have addressed a crucial point
necessary to develop such measures. Structure in a visual scan does not reveal if the ATCS
created a situation that allowed efficient acquisition of information available on the radarscope.

To do so, one needs to express the information on the radarscope as a function of time and
investigate if the ATCS picked up the available information in an efficient way. In other words,
visual scanning efficiency creates a situation that allows for maximal information pickup.

The ATCS scans not only the radarscope, but flight strips and communication channels as well.
In the current study, researchers recorded ATCS-pilot communications. Some ATCSs are under
the impression that ATCSs conduct auditory and visual scanning simultaneously, i.e., while
looking at one aircraft an ATCS talks to the pilot of another. By transcribing the ATCS-pilot
communications and synchronizing the messages with the fixation information, verification of this
impression is possible. In case aircraft at which ATCSs looked strongly correlate with aircraft to
which ATCSs talked, processing is not parallel. If, on the other hand, no correlation exists, this
would indicate that ATCSs were talking to aircraft at which they were not looking.
Communications and visual scanning would then happen in parallel.

Knecht, Smit, and Hancock (1996) have used risk indices, calculated from separation
requirements and actual separation between aircraft, to look at actions taken by pilots to prevent
loss of separation. Similar indices can be developed for ATCSs and visual scanning variables can
then be compared to different risk levels.

The study examined the differences in terms of number of fixations and fixation durations.
Researchers identified objects on the radarscope by type, e.g., aircraft, airports, VORs, etc. The
object group of aircraft can be further broken down into arrivals, overflights, and departures, or
VFR and IFR aircraft. Fixation duration contains information about the processing time that
provides insight into the complexity of processing related to different aircraft types.

During the experiments and during demonstrations audiences ask questions like “Can better eye
movements be taught?” A highly skilled visual scan evolves from years of experience. Another
approach taken by researchers, called the “optimal controller,” states that the “optimal controller”
samples displays economically without compromising risk issues. For example, when two aircraft
close in on one another one would need to sample more often when the aircraft grows closer. If,
giving sampling of these two aircraft too much priority, the risk of conflicts occurring between
other aircraft not sampled increases. The optimal controller would sample optimally. Then

M-2



researchers are able to compare visual scanning information recorded from ATCSs with the
performance of a non-existing optimal controller. Research in this area frequently requires the use
of an oculometer to understand differences between optimal and operational control. In an
operational setting one would target adaptive support systems based on what ATCSs are most
likely to miss compared to an optimal ATCS model.
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Appendix N
Recommendations

. Modify the data reduction module to incorporate both VFR and IFR rules.
Rationale: The data reduction module at the RDHFL does not distinguish between VFR and
IFR aircratft.

. Modify the data reduction module to calculate ATCS performance based on ATCS
responsibility, not on position symbol only.

Rationale: Currently the data reduction module assumes aircraft carrying a position symbol
belongs to a particular ATCS. Aircraft carrying the ATCS position symbol as well as other
aircraft inside the ATCS airspace are the ATCS respititysib

Investigate the effect of an intrusion alert, warning the ATCS of aircraft entering Class C
airspace.

Rationale: Verbal reports during this experiment on aircraft intrusions into Class C airspace
indicated that ATCSs did miss some of the intrusions. Their eye movement characteristics did
not change during the 5-minute intervals that included these events. The features of the
representation of these aircraft did not differ from aircraft under normal control.

Investigate the efficiency of ATCS visual information acquisition.

Rationale: Increasing task load and introducing visual noise affected eye movement
characteristics as evident from scene plane and radarscope object data. Eye movement
characteristics by themselves do not provide insight into how ATCSs acquire information.

Investigate how the ATCS uses fixation time on aircraft representations.

Rationale: The data indicated that ATCSs spend the most fixation time on aircraft
representations. The question remains as to how the ATCS uses this time. The aircraft
representation (radar return, vector line, and data block) contains more information than any
of the other objects. Does the ATCS spend more time acquiring this information, or is the
increase in fixation time due to an increase in higher level cognitive processing?

Investigate if ATCSs acquire all aircraft information during a single fixation.

Rationale: One assumption is eye movements force a sequential acquisition of information.
With an increase in expertise, ATCSs develop high levels of automation in the acquisition of
visual information. How much information ATCS can acquire during one fixation remains
unknown.

Investigate ATCS visual information processing in the parafoveal and the peripheral field of
view.

Rationale: Some researchers have shown that cognitive load and experience affects the
amount of information collected from a fixation. If experience increases the functional field of
view, how much of the radarscope can the ATCS process in a single fixation?
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